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This publication pioneers the new concept of “thermal governance”. Contemporary urban 
societies are still short on concise and deliberate thermal governance that could prove 
effective for the thermal management of urban districts, or even entire cities. Up until now, 
coping with specific thermal conditions has been a private matter rather than one subject 
to the city-wide coordination that this publication—based on empirical realities in Cairo, 
Chongqing, Geneva and Santiago de Chile—outlines. The private model will change over 
the next few decades, considering the politically-launched transition from carbon-based 
to renewable energy supply methods. In fact, energy transition and climate adaptation are 
one and the same process. 
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Preface 


It is not surprising that climate change and rising temperatures in cities 
have sparked a renewed public interest in concepts of urban climatology. 
However, the current debate on urban climate largely excludes the de- 
sign issues that are so important. Currently it is science journalists, 
rather than architectural journalists that are setting the tone in the public 
sphere. So far, there is hardly any talk of architectural solutions in a more 
comprehensive sense, although the urban climate is in a fundamental 
way the product of the design—the form, arrangement and material—of 
urban buildings, and the cooling and heating requirements inside build- 
ings depend to a large extent on the climatic conditions outside. 


How can we translate insights of urban climatology into design? This 
methodological question was the starting point of a long-term research 
project. | initiated this project in 2013 at the Future Cities Laboratory of 
ETH in Singapore and it was continued in Switzerland as part of a six- 
year research grant on “Architecture and Urban Climates”. The research 
was conducted at the Academy of Architecture in Mendrisio and at ETH 
Zurich in Switzerland thanks to generous funding by the Swiss National 
Science Foundation providing a grant of SFr. 2.2 million between 2015 
and 2021. 


Our conclusions have now taken the form of two major publications. 
These two books entitled City, Climate, and Architecture (Vol. 1) and 
Coping with Urban Climates (Vol. 2) launch a new international series 
entitled KLIMA POLIS, published by Birkhäuser. 


The two first volumes of this series aim at rethinking climate control—a 
key concern of the discipline of architecture—through the lens of urban 
climate phenomena. They aim to stimulate new ways of thinking about 
the spatial order of cities by complying with the potentials of climate con- 
trol atthe scale of groups of buildings and their surrounding (urban mi- 
croclimates). The two books clearly question whether the energy-source 
supply of urban architecture can still be taken as a private matter. Vol. 1 
is an intellectual history, tracing the emergence of modern urban clima- 
tology and its adaptation by architecture and urban design. Vol. 2 is a 
cross-cultural study of four cities around the world, exploring the mani- 
fold relations between urban climates, architecture and society both 
within and beyond buildings. Each volume is self-contained, but they are 
complementary in their assessment of architecture and urban climates 
from a historical (Vol. 1) and a contemporary (Vol. 2) perspective. 


What we present here is the outcome of intense exchange based on the 
interdisciplinary expertise and the international network of the members 
of our research group (Sascha Roesler, Madlen Kobi, Lorenzo Stieger, 
Dalila Ghodbane, and Lionel Epiney). 


Sascha Roesler, March 2022 
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The notion of “man-made weather” refers to an expression coined 

by the supposed inventor of air conditioning for his novel discovery: 
American engineer Willis Carrier made use of the phrase for decades in 
order to promote his patented technology.“ His 1906 patent A Method 
for Heating and Humidifying Air“ represents a seminal treatise of the 
20th century; its significance is comparable with Sigmund Freud's The 
Interpretation of Dreams, a book published in the same era.” Just as for 
Freud, the interpretation of dreams represented the key to the uncon- 
scious, air conditioning, for Carrier, was a key to the weather. In both 
cases, an unromantic attempt was made to bring what is in fact uncon- 
trollable—the unconscious, the weather—under man's control. Carrier's 
phrase “man-made weather” connotes the hopes of both of the engineer 
and the rainmaker to add artificially created weather to something nat- 
urally given. Since Carrier's inventions, the artificial creation of weather 
has meant harnessing four interdependent parameters of an overall sys- 
tem: 1) controlling temperature, 2) controlling humidity, 3) controlling air 
circulation; and 4) purifying the air. 


However, at least since the turn of the millennium, the notion of man- 
made weather has given rise to a second and “uncanny” meaning,“ and 
one which grew out of the first: the building sector contributes substan- 
tially—via heating and cooling practices—to the global phenomenon of 
climate change. Or, in the words of environmental sociologist Elisabeth 
Shove: “The resources consumed in 'managing' the indoor environment 
are, ironically, one of the more significant causes of outdoor environmen- 
tal change.”” Increasingly, the climate is becoming a hybrid between 
nature and culture that can no longer be seen as a variable independent 
of mankind. This applies particularly to the climate of cities, which are 
increasingly affected by this “dialectic of division.”° While controlling the 
indoor climate, emissions are caused that make the outdoors even more 
hostile. To date, although indoor and outdoor climates “are obviously 
linked to each other, their examination has proceeded along different 
paths and there has been remarkably little “cross-over” conceptually 

so far. 


Climate Control = Climate Change 


With some justification, one might say that architectural modernity 
ultimately brought the (interior) climate under its control. Controlling 

is a paradigm of building-services engineering that has increasingly 
dominated the way architecture is considered in relation to climate. 
The notion of control represents the center of gravity in today's climate 
discourses in architecture. The systems thinking from the sphere of 
machines has been transferred to the thermal manipulation of interiors. 
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The English term, “control,” predetermined the metaphorical space of 
just how climatization and the relationship between climate and buildings 
was considered in the 20th century.” Beyond that, the actively “con- 
trolled” interior became the model for dealing with climate in general, 
affecting even the debates on global climate change. However, for the 
“man-made weather” of cities, which is the focus of this publication, a 
different form of metaphorical formation must be sought. The focus is no 
longer on “control” but instead on the mutual dependency of inside and 
outside, urban culture and nature, which must be rethought and rede- 
signed. Nothing less than a new epistemology of mixing and influencing 
relationships is at stake. 


The interior, dichotomously separated from the outside world, is the 
historical result of 20th-century building-technology innovations. The 
obsession to control the climate in both workplace and residential 
spaces has been accompanied by an increasing standardization of 
indoor temperature, from which a powerful global standard has now 
emerged. Meanwhile, 20-22ºC and 50 percent relative humidity repre- 
sentthe formula for a thermal universalism that has gained global 
acceptance, and is equally valid in cities such as Geneva (Switzerland), 
Santiago (de Chile), Chongqing (People's Republic of China) and Cairo 
(Egypt). In residential construction for the middle classes, a great thermal 
uniformity has been established worldwide at enormous energy cost; the 
former differentiation of cooler and warmer zones in the house has given 
way to a simple one-size-fits-all solution through air conditioning. 
Elisabeth Shove speaks of comfort as a “hegemonic model.” 


In this publication, we argue that the control paradigm's demand for a 
homogeneous indoor climate has caused many other aspects of climate 
relevantto architecture to be neglected. The focus on the normative 
category of comfort has prevented greater consideration of the empir- 
ically endorsed diversity of microclimates. To cite Bruno Latour, “the 
work of purification”“ in the climate thinking in architecture correlates 
outdoor climate again and again (even against better knowledge) with 
nature, and the indoor climate with culture.“ Yet, the majority of all inhab- 
ited structures remain excluded from this discourse, inasmuch as nature 
still governs the interiors of these buildings. Over and beyond the global 
standard of comfort, numerous other forms of climate, architecture and 
individuals’ interaction exist.** Architects and scholars today would do 
well to investigate more thoroughly this diversity outside of the cogni- 
zance of building-services engineering, incorporating the approaches 

of the social sciences. If the discipline of architecture is called upon to 
develop alternative climatic thinking, then it is with an awareness of where 
the global comfort standard has led us in the past hundred years. 


As we wish to show in this publication, the notion of urban climate is the 
new paradigm for seeking fundamentally new approaches to climate in 
architecture. In the 21st century, cities are more than simply main con- 
tributors to climate change; they are also affected by climatic changes, 
with regard to air pollution and heat-island effects in particular. This shift 
demands new and specific answers from the planning and design disci- 
plines. Climate change with ever warmer summers (and winters) is lead- 
ing, for example in Geneva (Switzerland), to increased use of air condi- 
tioning during the summer months when, even as recently as two 
decades ago, such mechanical cooling was virtually nonexistent. 
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The Notion of “Thermal Governance” 


Relying on a growth in scale, this publication scrutinizes and pioneers the 
new concept of “thermal governance.” Just as the political tools that 
address global warming have so far been tied spatially to nations, ther- 
mal standards and climate control have, so far, been tied to the individual 
building. There is a need for “governance on other scales” and “scalar 
imagination,”*” to which this publication aims to contribute with empiri- 
cally derived insights. The relevant components of a thermal governance 
shall be identified by investigating architectural and technological, as 
well as legal and economic aspects. Exceeding the scale of the individual 
building, new forms of thermal thinking in architecture that weigh the 
impact of seasons, the public spaces and several buildings together have 
been examined. Urban climates have been investigated as part of larger 
energy landscapes—namely, as the result of the dynamics between the 
urban fabric, the thermal infrastructures and the anthropogenic ambient 
climate. 


Contemporary urban societies are still short of concise, deliberately 
planned thermal governance that is effective for the thermal manage- 
ment of urban districts or even entire cities. Up until now, the provision of 
specific thermal conditions has been a private matter, one not subject to 
city-wide coordination. Yet, considering the politically launched transi- 
tion from active to more passive, and from carbon-based to renewable 
energy-supply methods, this will change over the next few decades. 
Energy transition and climate adaptation are, in fact, one and the same 
process. In this publication, the basics of a synergetic understanding that 
brings together active and passive means of climate control, as well as 
thermal and energy-related issues of the city, will be developed. Numer- 
ous empirical examples underscore the fact that such synergies happen 
among individual residents when controlling their thermal environment, 
and are also achieved by citizen initiatives that strive for accessible and 
climatically pleasant public spaces in their respective neighborhoods. 


The notion of thermal governance is interpreted in a way that is guided by 
insights from the social sciences, emphasizing the influence of cultural 
standardization (“hegemony”),““ specific forms of politics (“governmen- 
tality”)“' and ideological reproduction (“apparatuses of the state”).** We 
adapted these concepts to the manner in which individuals and groups 
control the climate of cities indoors and outdoors. In a Foucauldian inter- 
pretation, controlling the urban climate means connecting the weather 
with its political economy. ln a hegemonic interpretation of predominant 
forms of climate control that is based on Gramsci and Althusser, the 
relationship between thermal regulations and thermal everyday prac- 
tices is considered dynamic and full of tension. The thermal conditions 
of “urban environments"? are, on the one hand, empirically character- 
ized as energy balance of all the contributing (palimpsestic) layers. On 
the other hand, thermal conditions are normatively shaped by thermal 
governance—namely, by the implementation of thermal regulations and 
standards. Thus, thermal regimes take on political and legal dimensions 
in the form of urban governance. 


However, in our use of the term, thermal governance not only works as 


a top-down force through governments and institutions aiming to con- 
trol urban climates. Thermal governance also includes the agency of 
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everyday “praxis.” The adaptability of a building to changing climatic 
conditions includes not only architectural designs and constructions 
but also specific types of knowledge about how to activate the available 
potential of the house as built environment. Seasonally and diurnally 
varying behaviors unfold as climate-dependent proxemics between the 
occupants and their buildings and as movements of citizens” bodies in 
the urban space. This goes along with an architectural culture of sojourn 
in specific outdoor spaces on a private-public continuum from terraces 
and balconies to courtyards, forecourts, squares and parks. Beyond 
people's sojourning in different spaces, seasonal and diurnal transforma- 
tions are also manifest in the adaptation of buildings and clothing. This 
brings into view temporary shading and opening measures taken, such 
as the use of doors and windows, and the use of different textiles and 
clothing that change inside and outside the house, depending on the time 
of the day and the season.“ Accordingly, methodological approaches 
to the study of vernacular knowledge systems,” material culture 
research“ and the anthropology of the body“ play a central role when 
pioneering thermal governance. Relying on the agency of praxis reveals 
the culture-specific and time-bound logic of climatization. Particularly 
with regard to socio-economically poor citizens in cities of the Global 
South, our case studies outline that thermal governance manifests 
through behavior rather than technology, and through the practices of 
mobility, clothing and changing rooms rather than through meeting cer- 
tain global standards. 


Research Approach 


While 20th-century architecture learned to control the climate of a 
building, the architecture of the 21st century needs to learn to cope with 
the climate of cities. They are “the new indoor environments” of today's 
societies.” According to our understanding of the term, “thermal gov- 
ernance” replaces the 20th century's notion of “climate control” by pio- 
neering climatization on other scales, relying on a conscious integration 
of indoor and outdoor environmental conditions. The one-sided focus 
on either “well-tempered environments” (interiors) or “meteorology and 
urban design” (exteriors) shall be overcome, and the thermal dialectics 
between inside and outside elaborated instead. It is the critical goal of 
this publication to outline this new epistemological enclosure from the 
perspective of architecture. 


Pursuant to the ideas of early modern urban climatology,?º this publica- 
tion aims at encompassing indoor and outdoor in one epistemological 
framework. For this purpose, we follow a theoretical and methodological 
account that unites the architectural, technological, legal, social and eco- 
nomic dimensions of coping with urban climates. The machinery for 
implementing such an enclosure is, indeed, “thermal governance.” This 
new deployment comprises various scales, from the room to the building 
to the district and the city. Most critically, we argue that in contemporary 
urban societies, climate management relies on three fundamental agen- 
cies: thermal structures (e.g. building envelopes, energy infrastructures), 
thermal practices (e.g. behavior, residents' thermal material culture in 
apartments) and thermal regimes (e.g. regulations, codes). 
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1. The first agency concerns physical structures, such as building 
envelopes and infrastructures of various scales. Until the mass pro- 
liferation of central heating and air conditioning, built structures 
always featured an inherent thermal dimension. Reyner Banham 
rightly speaks of “structure as prime controller of environment.” 
Thick walls in a hot-dry climate also serve as thermal reservoirs, 
absorbing the incident heat and keeping interiors cool. Only since 
the epistemological divergence of buildings into the separate enti- 
ties of structure, on the one hand, and building services, on the other, 
have structures lost their foremost thermal significance, becoming 
pure load-bearing entities accompanied by non-load-bearing ele- 
ments such as thermal, acoustic and other supplementary functions. 
Our approach conjoins structural and building-service-related tech- 
nological elements in order to break with the epistemological sepa- 
ration. 


2. The second agency concerns human behavior that manifests in 
practices. An understanding of climatization, informed by popular 
construction around the world, relies on the constant and inevitable 
interplay between body and building, between corporeal and build- 
ing technologies, between ways of life and ways of building. Ther- 
mally relevant activities that take place near and inside buildings are 
an integral part of any climatization culture in both rural and urban 
areas. Thermal practices include the way people inhabit their houses 
according to the season or the time of day, or how they vary their 
manner of dress relative to the changing outdoor temperature. 
Beyond clothing, it includes the material culture of thermally inhabit- 
ing a house, including the use of ventilation, curtains, electric 
devices or furniture that support the creation of comfortable spac- 
es.” One might concur with architectural theorist James Fitch, who 
states that “our very concepts of warmth and coolness are relative 
and highly subjective.””” Alongside their clients, architects have to 
learn to design buildings whose climatic strategies will be comple- 
mented by the thermal practices of their future inhabitants. 


3. The third agency in climate management relates to issues of thermal 
regimes. This concept connotes the complex relationship societies 
form with their climates in different periods. No matter the climatic 
conditions, people all over the world have developed ways to deal 
with factors such as extreme heat, humidity or pollution. Architecture 
has become a fundamental way to control given environmental con- 
ditions. With increasing frequency, modern thermal regimes are 
superimposed upon naturally given environmental conditions. Ther- 
mal regimes include customary, written and governmentally imposed 
regulations and standards, as well as the social norms that guide 
everyday best practices of climate control. Regimes manifest differ- 
ently across societies and include the interplay and tensions 
between thermal regulation and social norms. 


In the context of comparative research on architecture and thermal 
governance, these agencies constitute our guiding research matrix, given 
that they have a decisive impact on the environmental conditions of cities. 
The three agencies cover the most critical dimensions of thermal gover- 
nance, to be explored as the relationship between microclimates and 
buildings (structures), microclimates and bodies (practices) and micro- 
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Agency 


Sphere of Influence 
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climates and society (regimes). This major framework has to be further 
complemented by a more finely tuned list of criteria, including, amongst 
others, climatic aspects (seasons, climate zones, data etc.); legal aspects 
(existing laws, regulations, zoning, subsidies, etc.); economic aspects 
(deficient versus high-standards, high versus low taxes etc.); ownership 
(property, rented, self-built, etc.); and management aspects (central ver- 


sus decentralized building services and maintenance, etc.). 


The Framework of Thermal Governance 
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Since the 1980s, there has been a tendency to normalize architecture via 
thermal standards and green labels.” The standardization of climatic 
conditions and the constraint for architects to apply these standards 

and labels have coined the building practice of the last four decades; 
they were part of a “global environmental protection regime.” David 
Eisenberg and Peter Yost speak of “the inherent but largely unrecog- 
nized relationship between sustainability and building codes, and efforts 
under way to change this relationship.” The inherent difficulty of the 
current standards lies in gaining "approvals for alternative designs, 
systems, and materials within the existing regulatory framework."^^ By 
directly dictating the solution path, “prescriptive” codes”? may sim- 

plify procedures but they severely limit the range of solution paths, thus 
preventing innovations in the field of architecture and construction. 
"Performance codes,” on the other hand, also come at a price: they 
impose far greater competence in estimating the solution path on the 
actors involved—architects, builders, administrators. Eisenberg and Yost 
criticize the resistance to implementing new approaches in the building 
sector: "It can be frustrating to have the knowledge and skills required 
for building green, yet lack the approval to do it.”*' 
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A contemporary notion of thermal governance must recognize this eco- 
logical legacy of thermal standards. However, the goal must be to create 
"adaptive standards”? that are open enough to innovative approaches in 
architecture and urban design. Thermal governance advocates for the 
inseparability of climate (control) and politics. lt must be rethought by 
developing regulations on urban scales, transforming the very idea of con- 
ditioning and managing urban environments. To rethink climate control 
through the lens of city climate phenomena, this publication deals with the 
following main questions: 1) What are the conceptual and theoretical com- 
ponents and procedures of an urban thermal governance? How do they 
expand the limited scope of current thermal standards in architecture? 

2) Who are the most relevant stakeholders for implementing and practic- 
ing thermal governance, both in formal institutions and in civil society? 
From a comparative perspective, what are the political preconditions for a 
successful urban thermal governance? 3) What comprises an architec- 
tural and urban-design practice that is committed to thermal governance? 
How can current architectural tools and practices be used to implement 
thermal governance and what are their limitations? In what ways can we 
generate the technical, legal and architectural knowledge that is neces- 
sary for an international best practice of thermal governance? 


City Analysis: Four Empirical Case Studies 


Empirically, this publication draws on data from four case-study cities, 
providing a global perspective on thermal governance: the complex 
urban territories of Geneva (Switzerland), Santiago (de Chile), Chongqing 
(People's Republic of China) and Cairo (Egypt). The four cases focus 

on selected aspects of contemporary urban climates, highlighting the 
agency of actors from architects and governments to standard-setting 
organizations and residents alike. Physical data, including meteorolog- 
ical and geographic information, is juxtaposed with ethnographic and 
historical information, thus providing an added value to conventional 
approaches to urban climates. This gives form to “an understanding of 
climate and weather not justas a natural butas a social and cultural fact, 
or, as Latour would have it, a “hybrid” of both.” 


During fieldwork in selected neighborhoods, conducting “microclimate 
ethnographies,””” the researchers gathered data related to the actual 
thermal practices on site. The particular focus on neighborhoods empha- 
sizes the role of thermal governance for urban forms of climate control 
beyond the design of individual buildings. The different chapters engage 
with thermal governance by highlighting the role of, and interaction 
between, thermal regimes, thermal structures and thermal practices in 
the following ways: 


Chapter One investigates the greater region of Geneva (Switzerland) 
with regard to questions of the energy landscape of the 21st century. ln 
the mapping of various natural and infrastructural elements, Lorenzo 
Stieger shows how energy has been anchored historically in the local ter- 
ritory, and how it spatially affects the development of the city and its hin- 
terland. The way in which energy is produced, distributed and consumed 
reflects territorial, social, political and historical specificities of the 
region. By focusing on water bodies as a common good of Geneva's 
urban environment, the chapter addresses the use and neglect of water 
as both an urban energy resource and a means of climate adaptation. 
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In Chapter Two, Lionel Epiney analyzes the interplay of thermal stan- 
dards and social norms in Santiago (de Chile). Thermal standards such as 
LEED (Leadership in Energy and Environmental Design) have proliferated 
globally and are becoming increasingly important for the development 

of the “energy-efficient” city. The chapter scrutinizes indoor-outdoor 
climate relations by questioning the use of standards, inasmuch as these 
are mostly indifferent towards a building's surroundings. By including 
Santiago's modernist neighborhood constructions of the 1950s and 
1960s, which paid more attention than their successors did to public out- 
door spaces, and also the contemporary self-build, Epiney investigates 
the dynamics between thermal universalism and local thermal traditions. 


Chapter Three focuses on the role that electrification and high-rise con- 
structions play in urban climate control and the thermal practices of resi- 
dents in Chongqing (People's Republic of China). Madlen Kobi outlines 
the ways in which newly emerging energy infrastructures have, since the 
1980s, facilitated indoor heating and cooling in formerly unconditioned 
buildings where climate relief was hitherto found outdoors, in the shade 
of neighborhood greening. Scrutinizing the excessive cooling and heat- 
ing practices that have exacerbated urban climate conditions, such as 
urban heat-island effects and air pollution, reveals the challenges that 
contemporary cities face around electricity provision, energy-transition 
policies and the offer of thermally pleasant spaces for their inhabitants. 


In Chapter Four, Dalila Ghodbane takes the perspective of the domestic 
scale in Cairo (Egypt) to document how everyday life is continuously 
adapted to changing microclimatic conditions. Creating a comfortable 
indoor climate is a thermal project that encompasses architecture, 
everyday objects and time-specific practices. The material agency 
between indoors and outdoors and urban thermal navigation depends on 
gender, available economic resources, personal experience and social 
expectations, among other factors. The chapter points to the gap that 
exists between legitimized knowledge about climate, as represented in 
publications and architectural teaching, and the actual position of ther- 
mal concerns in people's everyday lives. 


Comparative Framework 


Based on the empirical study of four cities around the world, the theoreti- 
cal and methodological foundations for a future thermal governance 
shall be elaborated. Each of the individually led studies offers rich empir- 
ical data on the complex interrelations between thermal regimes, thermal 
structures and thermal practices. All of the chapters focus on the role of 
the house and architecture more broadly in terms of thermal governance. 
The objective is to assess the different scales of urban thermal gover- 
nance, depending on the respective cultural, political and economic con- 
texts. The comparison in the publication's final part reveals that sustain- 
able cities, as dependent on the conscious governance of microclimates 
and energy landscapes, create nexuses between regimes, structures and 
practices. Both visual translation and the processing of research data 
into maps have been integral to the research methodology. The visual- 
ization allows a comparison and juxtaposition of different climatic 
parameters, whether urban heat-island effects with the socio-economic 
composition of neighborhoods, green areas with residential density or 
topography with architectural structures. 


Coping with Urban Climates 36 


By applying this research to dense urban contexts around the world, the 
traditional climatic field of analysis (focusing on single buildings) has 
been reconsidered and integrated into a reflection on the local social 
conditions. We understand buildings as part of an urban political ecol- 
ogy, one which requires a combination of climatic and social research 
approaches. Only the integration of a socio-political perspective can 
transcend the seeming universalism of global standards towards an 
analysis of specific urban ways of life. All too often, the notion of the 
Anthropocene overlooks the fact that climate change has very different 
effects depending on the region and the social class affected.“ In 
agreement with Bruno Latour, we believe that political ecology is “nota 
reaction to a crisis of nature, but to a crisis of objectivity.” Contrary to the 
notion of climate control, thermal governance aims, from the start, to 
address those "risky entanglements"^: between nature and society that 
characterize climatization in cities today. The nature/culture dichotomy 
has become obsolete: even supposedly “natural” areas in the city, such 
as parks, gardens or waterways, are the products of truly man-made 
decisions and interventions. 


“Globally, two-thirds of our energy is consumed in cities, making city 
authorities an important part of the solution,” writes environmental physi- 
cist Catherine Bale.““ Over and beyond architects and urban planners, 
policy makers and administrators recognize that a different kind of ther- 
mal management is needed: one that takes the mutual reactions between 
air-conditioning practices and anthropogenic urban climates into 
account. At issue is a new thermal governance that responds to contem- 
porary environmental urban conditions. So far, the scale of the city has 
played only a marginal role in the thermal management of societies. 
Psychoanalytically speaking, it is necessary to detach oneself from “the 
fixation"^^ on the (air-conditioned) interior and, instead, focus on the dia- 
lectic between indoor comfort and outdoor microclimates. 


Far beyond advocating for using less energy and improving the material 
structure of buildings, this volume underlines the conviction that coping 
with urban climates happens on a multi-scalar spectrum of interventions. 
It encompasses urban landscapes and combines a thermal thinking of 
domestic and public spaces. The contributions underline the ways in 
which architects, citizens and policy makers create urban microclimates 
over and beyond the efforts of governments to curb emissions. This pub- 
lication carves out the interdisciplinary dimensions of thermal gover- 
nance and demonstrates pathways to make the concept applicable for 
cities and communities all over the globe. Ultimately, the organization 
and management of thermal governance rely on political guidelines. 
Today, climate change spurs us once again to address, and in greater 
depth than hitherto, the complex relationship between buildings and 
urban climates, in hopes of achieving a more sustainable way of dealing 
with climate change in cities. A better understanding of thermal gover- 
nance as an instrument with which to face urban climate challenges will 
serve across the globe as a critical benchmark for the city of the 21th 
century. 
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Geneva (Switzerland): 
The Architecturalization of 
Water Ecologies 


On the Integration of Energy 
Transition and Climate Adaptation 


Lorenzo Stieger 


In Geneva, water has been a central driver of urban 
development, providing people with food and energy 
for centuries, and being a key element for the identity 
of the city and the self-image of its inhabitants. In 

the 20th century, however, water was slowly replaced 
by other forms of energy, mainly carbon-based re- 
sources. This chapter acknowledges and deals with 
the presence of water in Geneva as a common good 
of the urban environment. The two case studies—the 
first one, historical; the second, empirical—address 
the use and the neglect of water, both as an urban en- 
ergy resource and as a means of climate adaptation. 


Just as elsewhere in Switzerland, the high standards 
of building practice in Geneva are driven by comfort 
thinking, which defines indoor conditions inde- 
pendently from the outdoor climate. With the building 
stock accounting for more than 30 percent of 
Geneva's total energy consumption, current under- 
takings for an energy transition in the Greater Region 
suggest that energy savings in heating and cooling 
practices are particularly important.” Geneva's cli- 
mate is strongly dependent on the seasons, with 
climate change leading increasingly to a shift in ther- 
mal practice. Whereas in the past, the focus was 
mainly on heating, cooling becomes more urgent in 
the warmer summer months.““ A new Mediterranean 
feeling experienced during those months has raised 
awareness among citizens of the need for a substan- 
tial shiftin thermal practice. Cooling strategies at 
home, on public transport or on the larger scale of the 
urban environment are seen as increasingly neces- 
sary. The impacton the various strata of daily life is 
not only exemplified by city dwellers' increasing de- 
mand to mitigate climatic tendencies by finding ap- 


propriate means of cooling down. It has also sparked 
recent discussions among politicians on extending 
permits in Swiss cities for restaurants to serve cus- 
tomers later at night, when temperatures are more 
accommodating. The latest addition to the canton's 
strategies to relieve thermal stress is the city's public 
beach, which opened in 2020 on the left bank of the 
bay. 


1. Geneva's Urban Nature in Light of 
its Planning History 


The urban history of Geneva demonstrates a gradual 
attempt to reconcile the city with nature. Advocating 
for an ecological urbanism avant la lettre, the concept 
of interlocking city and nature has been called for re- 
peatedly in the planning history of the city region. At 
the time of the Ancien Régime (1589-1789), Geneva 
predominantly figured as a city squeezed into its ram- 
parts “without a hinterland."^? The demolition of the 
town's fortifications prior to 1880 not only initiated 
urban renewal but also gave impetus to economic and 
social modernization.^? The dualism of town and 
country was particularly challenged by the advent of 
modern planning in Geneva. The relational setting 
between city and nature oscillated between aesthetic 
and functional aspects of the (urban) landscape, 
between the ornamental quality and productive ca- 
pacities of green spaces. Within this polarity, an 
awareness that nature in the city would increasingly 
enhance the well-being of its inhabitants was to 
evolve. 


1.1 Integrating Nature and the City 


For the most part, the canton's larger, contiguous 
green spaces are located to the west of Geneva, while 
the city and agglomerations along the lake basin and 
towards the French town of Annemasse on the south- 
ern border are largely urbanized. Geneva's urban fab- 
ric is gradually shifting from compact and open build- 
ings of medium height in its core to widely distributed 
low-rise buildings on its outer perimeters.”” There are 
also several large industrial areas within the city's ter- 
ritory. This spatial distribution creates a strong tem- 
perature gradient of up to 10ºC between the city and 
countryside, leading to the well-known phenomenon 
of the urban heat-island effect. There are temperature 
differences of up to 6°C between individual districts, 
and in certain areas the mercury does not drop below 
25ºC on so-called “tropical nights.” 
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Green Spaces 


Using nature as a means of organizing green spaces 
according to functional requirements, productive ca- 
pacities and well-being is particularly evident in the 
planning of modern Geneva that was laid out at the 
beginning of the 20th century. ln the publication on 
the first Swiss urban-planning exhibition, in 1928, the 
authors concluded that, apart from the already exist- 
ing parks and promenades, Geneva had very little 
public land and lacked any immediate plans to ex- 
pand urban green spaces.” In addition, there was a 
scarcity of forest land due to uncontrolled deforesta- 
tion, while land reserves for greening were located 
mainly on large private properties. As a result, the 
“Bureau du plan d'extension” called for an inventory 
of the Greater Geneva area that would, at an early 
stage, identify or prevent urban-planning mistakes by 
coordinating the various influential activities of public 
and private actors. The response paved the way for 
the regional and urban structure plans for the city, 
which led, in turn, to the documentation of planning 
requirements for Geneva and the regional scale in 
equal measure. 


The 1936 Regional Plan for Geneva exemplifies the 
effortto overcome the duality of city and countryside 
by intertwining nature and city. For the first time, this 
planning instrument stipulated the protection of green 
spaces, forests and agricultural land by specifying 
areas across the entire canton that should remain un- 
touched by future construction activities. Based on 
the theories of the garden-city movement, the pro- 
posal can be understood as a synthesis of two urban- 
planning trends that combine the idea of a ring sys- 
tem with a radial system of green spaces.” By 
introducing green alleys and avenues on the scale of 
the city, the 1936 plan was to link the urban center 
with the hinterland, envisioning access that would al- 
low all residents to experience the benefits of nature 
in their daily lives. Although the vision of “Geneva in 
the Park” was never actually realized, the approach of 
simultaneously infusing the city with “green fingers" 
and loosening it up to enhance the quality of life and 
ensure a favorable urban climate is still inherent in the 
planning of Geneva's territory today. 


The Lake 


The waters' whipping heights and the long icicles that 
form along the lakeside basin paths, on boat railings 
or on the bodies of parked vehicles are familiar spec- 
tacles to the Genevois during the winter months. This 
natural phenomenon of bizarre ice formations, caused 
by the tellingly dubbed "Geneva Bise" (a cold, per- 
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sistent wind of the Alps) has its origins in the geomor- 
phological configuration of the mountain ranges and 
the geographical location of the canton of Geneva at 
the southwestern tip of Switzerland. Nestled at the 
center of the Geneva basin, and at some 400 meters 
above sea level, the nation's second largest city is 
surrounded by mountains of the Jura range: Le Crét 
de la Neige, the Vuache range, Mont Saléve and Les 
Voirons. The pronounced glacial morphology forms a 
natural container, one that channels winds that, for 
the most part, blow from the northeast through the 
Swiss Plateau at wind speeds of up to 60 km/h, with 
gusts peaking at 100 km/h. In addition, both the local 
climatic and weather phenomena within the larger ter- 
ritory of Greater Geneva are influenced by the pres- 
ence of the lake. 


As a source both of natural beauty and fertile ground, 
Lake Geneva has been the driving force behind the 
development of the entire region. With an area of 580 
square kilometers and a shoreline of over 200 kilo- 
meters, it is one of Western Europe's largest water 
bodies. With a maximum depth of 309 meters, the 
crescent-shaped freshwater body counts among the 
world's 50 largest lakes by volume.°° Besides featur- 
ing extensive biodiversity, supporting fishing activi- 
ties and serving as a reservoir of drinking water, the 
peri-alpine Lake Geneva has also always been re- 
nowned for its scenery.” From the 18th century on, 
aesthetic campaigns and the Belle-Epoque-style 
Grand Hotels focused on the touristic exploitation of 
the picturesque landscape, with its idyllic scenery: the 
lovely lake, sunny slopes and Western Alps. The so- 
called "Grand Tour" undertaken by young British aris- 
tocrats put Geneva on the tourist map early on. 
Through the writings of Jean-Jacques Rousseau, or 
the first ascent of Mont Blanc in 1786, the Alps played 
a central role in underscoring the relationship be- 
tween mankind and nature, both in literature and in 
painting. Therapeutics developed at the end of the 
18th century with the baths of the Arve and the Eaux- 
Vives also shaped the image of a healthy Geneva that 
lasted throughout the 19th century and helped pro- 
mote tourist activity. From 1830 to 1900, the hotel 
business remained a strictly seasonal summer activ- 
ity, but by the end of the century tourism had become 
increasingly international—and Geneva was soon 
considered "the gateway to the Alps" for the many 
winter sports activities. 
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The transition from closed to open 
perimeter-block development in the 
Eaux-Vives district. 


The stone buildings of Geneva's old town, with 
its narrow streets and shady squares, follow 
the logic of the hill's topography. 


Geneva 
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A villa neighborhood in the Le Lignon district, 
characterized by its extensive green spaces 
with dense trees (1984). 
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12  Geneva's Energy Infrastructure 


Between 1920 and 1939, the city developed at a rapid 
pace that drastically increased the need for energy 
and infrastructure. Geneva wanted to live up to its 
privileged role of a city with an international orienta- 
tion,” which has continued to be an important driver 
for the multiple energy systems and networks—water 
supply, electricity, thermal comfort, mobility, commu- 
nication or research—that, embedded in the urban en- 
vironment, form Geneva's infrastructure landscape 
today. The many fountains proliferating in the city's 
neighborhoods bear witness to the far-reaching pipes 
of pumping stations along the rivers. As Switzerland 
has no coal resources, the goals of domestic water 
supply have always been linked to the need to convert 
water into energy to support industrial development. 
In the 1860s and 1870s, that need heralded the birth 
of urban, turbined and reticulated water.™ In 1886, 
Geneva's first hydroelectric power station produced 
electricity, which, at the time, was mainly used for 
street lighting. The lack of alternative energy re- 
sources inevitably led to the promotion of hydropower 
and hydroelectricity, with early electrification of rail- 
ways and cities from the 1890s onwards. 


The Carbon City 


Apart from the use of local bodies of water as a natu- 
ral energy resource, new forms of energy, such as 
fossil fuels and nuclear energy, shaped the modern 
appearance of Geneva in the 20th century. As many 
newly formed international organizations made their 
home in the city, exchange with the rest of the world 
became an essential part of the city's obligations and 
self-image. The idea that energy was abundant also 
influenced planning: the fact that Geneva was better 
and more efficiently organized was thanks to enor- 
mous investments in infrastructure. Such thinking 
ultimately favored the image of a Geneva "petrols- 
cape," as envisioned in the 1966 master plan for the 
city. Geneva Airport, CERN, the International District, 
highways and transport hubs, industrial zones and 
energy networks all figure among the key urban 
figures of Geneva's enormous energy landscape, and 
link the local and global scales. The growing 
exchange of people, goods and services associated 
with transportation led to an increasing demand for 
fossil-fuel energy. Fuel combustion impairs the urban 
climate through air pollution and noise emissions. 
Their impacts are particularly prevalent in the city 
center due to traffic congestion, but also in the areas 
beneath flight paths. 
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Urban expansion between 1939 and 1990, the post- 
war modern and post-modern periods, obeyed the 
paradigm of personal mobility, infrastructural connec- 
tivity, living comfort,” an abundance of space and 
cheap energy in the form of oil and nuclear power. 
This belief in unlimited resources was accompanied 
by severe traffic congestion and a housing crisis in 
the 1950s and 1960s, and was then followed by an 
explosion of satellite cities on Geneva's outskirts. 
These grand ensembles, such as the iconic Le Lignon, 
were modern neighborhoods, each housing up to 
18,000 inhabitants and featuring its own cultural, 
commercial and institutional facilities. Until the 1970s, 
these neighborhoods were testimonies to the postwar 
belief in unbridled growth and the primacy of infra- 
structure. Yet, having developed dynamically in the 
1950s and 1960s, housing construction in the area 
subsequently seemed almost paralyzed for over 25 
years. Indeed, since the economic crisis of the early 
1970s, Geneva has been described as being shaped 
by an "era of stagnation and housing shortage." 
Today, the city has one of the lowest housing-vacancy 
rates in the world.” It is only in recent years that new 
developments, known as Grands Projets, have been 
pushed throughout the city—resulting in twelve neigh- 
borhood projects, some of which are scheduled for 
completion by 2030. 


The Post-Carbon City 


Though water has long been eclipsed by carbon- 
based and nuclear energy sources, the potential of 
renewable energy sources such as water, wind and 
solar increasingly determines the conception of to- 
day's urban infrastructures. In Switzerland, the total 
energy consumed in 2019 was composed of 75.9 per- 
cent non-renewable and 24.1 percent renewable en- 
ergy resources.“ The former sources are composed, 
approximately, of carbon-based sources such as oil 
(42 percent) and natural gas (11 percent), as well as 
nuclear energy (22 percent). Among the latter, hy- 
dropower dominates (61.4 percent), followed by wood 
(16.4 percent) and waste combustion (11 percent), with 
geothermal, solar and wind energy sharing low per- 
centages. Household spending on energy (including 
fuels) in 2019 was 267 USD (US Dollars),’° or some 
2.6 percent of gross household income, which is con- 
sidered low compared with other spending (e.g. medi- 
cal care, etc.). 


Heating is the main factor (75 percent) in the overall 
energy demand of Swiss building stock, with 
three-quarters of households heated by carbon- 
based sources (oil, 50 percent; gas, 25 percent). 
The average energy consumption for heating varies 
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depending on the type (single-family house, apart- 
ment building) and energy efficiency of the building 
(e.g. old structure, renovated, energy-label standard), 
and it ranges for a four-person household in a 
detached house between 7,500 and 30,000 kWh per 
annum.” ln the canton of Geneva, 30 percent of the 
electricity needs can be met by hydroelectric power, 
with 55 percent being provided by the Verbois dam 
alone.“ According to estimates, the exploitation of 
energy commons in Greater Geneva could increase 
from a 14 percent share of renewable resources in 
primary energy in 2020 to a 40 percent share by 
2050.” The residential and service sectors account 
for some 40 percent of the overall consumption. 
Reduction of the latter will require novel synergies 
between the (passive) architecture of buildings, infra- 
structure systems and the energy commons of the 
city region. 


2. Geneva's Water Ecologies 


The key and first step to understanding the extent of 
available natural energy resources is to make the pro- 
cesses in nature visible. Measuring, mapping and 
modelling are means to evaluate the various poten- 
tials of Geneva's energy commons. In aiming towards 
a future energy transition, the forces of nature in the 
urban environment are of critical importance: har- 
nessing the potential of solar radiation; wind currents; 
and thermal potentials of soil and water, of weather 
conditions and seasonal changes, and also of the 
green spaces. By highlighting the narrative around 
water as an energy provider and its associated infra- 
structure, urban climatic phenomena in Geneva can 
be addressed at different scales, ranging from apart- 
ments to whole neighborhoods. 


x For an urban-scale reading, an energy-specific 
analysis of Geneva's urban history was under- 
taken. Written and visual documents drawn from 
archival research in the estate of André Corboz 
provided valuable input.'“ The production of 
maps allowed a visualization of the different man- 
ifestations of energy that otherwise either remain 
hidden or can only be read indirectly in the 
spatial-structural formation of the city. Three 
thematic maps of Geneva's energy commons, 
energy infrastructures and water ecologies were 
also produced, incorporating insights into the 
city's history, energy systems and architectural 
practices. 
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x  Atthe scale of the apartment, climatic studies 
with the help of qualitative and quantitative data 
were conducted. Research, both on the history of 
the site and on structural analysis of the building, 
was supplemented by ethnographic research 
using semi-structured interviews and protocols 
to capture homeowners' own thermal-related 
practices. Using an array of sensors, the microcli- 
matic dynamics in the apartment were monitored 
remotely, and subsequently matched with data 
sets on the weather in Geneva and the protocol. 


Covering the different scales that make up the urban 
climate exposes the relationships between the static 
manifestation of the built environment, the technolog- 
ical and legislative means and the dynamic response 
of the people who have to cope with the thermal con- 
ditions in Geneva in their daily lives. "Water remains 
vital and elusive; in its oscillation between different 
cultural and material realms, it underpins both the lim- 
its and the possibilities of modernity. Over the last de- 
cade the study of water has itself evolved, connecting 
with new fields, while the political and environmental 
dimensions to relations between water and society, 
including the impact of climate change, have become 
more pressing. By adopting an interdisciplinary and 
historically grounded approach we can begin to un- 
ravel some of the complexities behind landscape, in- 
frastructure, and modernity." 


2.1 Water as Energy Source and Climatic Factor 


Water-related infrastructures play a central role in 
regulating and controlling climate in the city of 
Geneva; they follow an ecological rationale"? that 
revolves around water, both as a resource for energy 
production and as a passive contributor to the urban 
climate. Historically, the modernization of the infra- 
structure spurred a redesign of the riverbanks to pro- 
vide better access to water. The constitution of 
Geneva's waterfront paralleled the emergence of the 
city itself, and has evolved in line with numerous 
transformations over the past centuries. As a natural 
energy resource, the lake and the converging rivers 
Rhóne and Arve affected the various social and eco- 
nomic strata of urban life. During industrialization, 
harvesting the forces of nature meant being able both 
to transform the energetic potential of water in novel 
ways and facilitating the production of electricity as 
the highest form of energy. 
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The mapping of nature 
according to its distin- 
guishing features enables 
the formation and claiming 
of sites within the territory: 
view of the countryside 
known as “La Fenétre pres 
Geneve” in the 1830s with 
an indication of the resi- 
dences of notable figures 
of the period. 
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Aerial view of CERN from 
1959 with its synchrotron- 
proton ring infrastructure. 
Today, the research infra- 
structure is fed with energy 
level of 1.3 terawatt hours 
per year from a French 
nuclear power plant. 


ti 
The international airport 
at Cointrin, near Geneva, 


the background of the city, 
the lake and the Alps with 
Mont Blanc. 
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The intertwining of the city and 
nature as a means of urban climate 
control. 


The sealed industrial area in contrast to Pointe de la 
Jonction, where the sediment-rich waters of the Arve 


mix with the Rhone. 
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The Rivers in the City 


Looking at the rivers and the Lake of Geneva histori- 
cally reveals a gradual shift from harvesting kinetic 
energy for economic reasons to using the diverse 
capacities of the lake to develop and direct the socio- 
cultural identity of the city. Exploiting water as a re- 
source for everyday life required various forms of 
energy infrastructures, which made bringing water 
and energy to the neighborhoods away from the river- 
banks possible. The factories along the riverbanks on 
the Rhône Island and bridges thus consisted primarily 
of grinding or stamp mills for the processing of grains 
in food production or fulling mills for the textile indus- 
try—which, to a large extent, had been set up in and 
around already packed residential buildings. The tex- 
tile industry-competing with watchmakers, jewelers, 
metalworkers, tobacconists and chocolatiers—not 
only led to an increasing demand for hydropower but 
also caused a number of conflicts between mill oper- 
ators in the 18th century. 


In 1709, the hydroelectric installation that later gave 
its name to the Pont de la Machine (Machine Bridge) 
was put into operation, and was eventually given a 
prestigious building in 1840. From 1862 until 1868, 
Geneva built two plants that supplied enough pres- 
surized water to provide sufficient motive power for 
the expanding watchmaking industry, while making 
water accessible on all floors of buildings. A rampant 
typhus epidemic in 1881 forced the city to stop sup- 
plying drinking water from the surface waters of the 
Rhone and to pump lake water up from a depth of 15 
meters instead. Between 1886 and 1898, having been 
rebuilt, the hydroelectric installation became the first 
power station to supply the city of Geneva with elec- 
tricity. It was finally replaced in 1892 by a new hydro- 
electric power station, the Bâtiment des Forces 
Motrices, which generated electricity and supplied 
drinking water. For its construction, part of the river- 
bed was drained so that an additional dam could be 
built. The dam served not only to supply water to the 
city's many fountains and light its streets but also to 
regulate the water level of the lake. The large factory 
building that housed the turbines was built in the 
Beaux-Art style, and decorated on the lake side with 
statues of Neptune, Ceres and Mercury. The opera- 
tion of the Services Industriels de Geneve (SIG, 
Industrial Services of Geneva) brought the city a sat- 
isfactory profit, one which covered one fifth of the 
city's budgetary expenditure between 1896 and 1931. 
Income from services alone would amount to the 
equivalent of 70 percent of all direct municipal taxes 
over this period, thus relieving taxpayers. For those 
who lived near the rivers, the infrastructure also pro- 
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vided important meeting places within the city for 
daily affairs and public events. A pressure-relief valve 
let out a fountain of water every evening, and this 
technical-aesthetic spectacle became increasingly 
popular with residents. In 1995, the dam Barrage de 
Seujet eventually replaced both the functions of the 
Pont de la Machine as a dam and the Forces 
Motrices as a hydraulic plant. 


The water infrastructure was continuously replaced 
and expanded according to the city's energy needs. 
Over time, it formed an almost necklace-like infra- 
structure landscape that extended far beyond the city 
area along the rivers Rhone and Arve. In the 20th cen- 
tury, in addition to the modernization of existing struc- 
tures to increase performance (e.g. the Verbois dam 
from 1942, replacing the former Barrage des Chevres 
from 1896), environmental concerns related to water 
and energy production became increasingly relevant. 
These concerns found their technical equivalent in 
plants that would allow for water purification (e.g. 
Usine du Prieuré, 1948) or the production of biogas 
by filtering detritus from the water (STEP d'Aire et 
Porteous, 1965). With the boost in performance, the 
architecture of energy along the rivers adapted to a 
modernist language of the time. The migration of pro- 
duction outofthe city led to the freeing up of valuable 
space, which then became available for city dwellers' 
other needs. Today, many of Geneva's former power 
stations are used as cultural venues; various activities 
take place in this built heritage of industrialization. 
Forces Motrices hosts a theater hall, while the public 
infrastructure-service provider of the canton of 
Geneva (SIG) runs an event hall in the Pont de La 
Machine. Further, Les Berges des Vessy, a former hy- 
dro plant at the Arve, and the Porteus, both outside 
the city limits, now host a museum and a low-key out- 
door cultural venue, respectively. 


Iconic Infrastructure at the Waterfront 


The synergy of natural forces with infrastructural 
technology was perhaps realized most successfully at 
the southernmost point of Lake Geneva in the form of 
magnificent lakeside promenades, which heralded the 
flourish of progress and prosperity in the city. The 
lake basin became the culmination of Geneva's mod- 
ern identity in the 19th century, following projects 
championed both by politician James Fazy and engi- 
neer and army general Guillaume Henri Dufour to de- 
molish the city walls and construct embankments. 
Here, the beauty of the landscape, the prestigious 
facades of hotels and commercial buildings, and the 
recreational spectacle of the lake all came together 
and found their expression in the iconic Jet d'eau, a 
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140-meter-high fountain set outin the lake. The infra- 
structural transformation along the lake basin en- 
abled an architectural and social rapprochement of 
the city with the water and all its beneficial aspects. 


At the beginning of the 19th century, the cantonal en- 
gineer Henri Dufour cited aesthetic and hygienic ar- 
guments related to Geneva. He argued that the city's 
appearance was anything but satisfactory for those 
coming from the lake, given the randomness of the 
"unhealthy" and asymmetrical buildings. Being a 
founding member of the first real-estate company in 
Geneva, the Societe des Bergues, Dufour proposed 
an initial project for a uniform design on the right bank 
of the Rhóne in 1827. The Quai des Bergues was sub- 
sequently completed in 1838. Major transformations 
of the opposing quay, the Grand Quai, were made be- 
tween 1829 and 1835, and included the beautification 
of the building facades, a new sewage system and an 
additional bridge between the quays. A standardized 
building type designed by Dufour became the blue- 
print for the quay development. In order to make room 
for the prestigious waterfront, many local industries, 
such as fishing and wood-trading facilities, had to 
relocate together with their workers—either up- or 
downstream—while the same period witnessed the 
social relocation of the bourgeoisie into the newly 
erected town houses. In 1835, the quays were ex- 
tended on both sides of the river, while Rousseau 
Island, as pride of the city, marked the keystone in the 
midst of the renovated urban area.“ The emptied wa- 
ter surface became the new and ideal center of 
Geneva. In various illustrations, it appeared together 
with the surrounding snow-capped mountains and 
that symbol of modernity: the steamboat, which be- 
came a local iconographic tradition. 


Since the waterway was the preferred means of trans- 
port for heavy goods, Geneva was an important geo- 
graphic-economic hub at the southern tip of the lake. 
Between 1850 and 1860, better access to the banks 
of the Rhone and a new harbor were created because 
the existing commercial port was barely accessible at 
low tide. A competition organized by the Liberal gov- 
ernment (Radicals) around James Fazy envisaged a 
“multifunctional infrastructure” that was eventually 
completed as the General Port Project in 1858. 
Having adopted three main aspects of previous com- 
petition entries, the project was a synthesis of techni- 
cal and aesthetic considerations that also addressed 
Geneva's seasonal climatic conditions. One was the 
concept of the roadstead: two jetties as aligned 
breakwaters to protect the anchorages offharbor 
from the notoriously recurring year-round “bise.” 
Second, the project proposed the construction of a 
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symmetrical arrangement of two quays on either side 
of the basin. And third, it included the promise of 
glamorous promenades (La Rade), as advertised by 
the supporters of the roadstead and the local news- 
papers, who argued that such an infrastructure would 
be advantageous for leisure and tourism. The trans- 
formation of the basin into a large harbor, allowing 
unobstructed views of the lake and delightful walks in 
the summer months, were aesthetic arguments that 
would serve the city well for years to come. 


The Jet d'eau, a spectacle that delighted people when 
it was still functioning as a pressure valve of the 
Forces Motrices, was reconstructed in the basin in 
1891 for the 600th anniversary of the Swiss 
Confederation. In view of the National Exhibition held 
in Geneva in 1896, the promenades along the lake 
and the lighthouse on the pier of Les Paquis were de- 
veloped; the roadstead was transformed into a space 
dedicated primarily to relaxation and leisure for the 
city's population and tourists. Anyone strolling under 
the shady plane trees along the quays could experi- 
ence the juxtaposition of grand hotels, piers and mari- 
nas, and had superb views of the Alps. At the same 
time, the living conditions for most of the population 
in the adjacent neighborhoods remained hidden be- 
hind the glamourous facades of the international city. 


Leisure and Thermal Culture in the Lake Basin 


What fostered the profound connection between resi- 
dents and the waterfront was a kind of multifunctional 
infrastructure that allowed residents to cope with the 
city's climate through recreational activities during 
the warmer summer months. The addition of public 
bathing facilities to Geneva's waterfront gave all the 
city's residents the chance to cool off in the lake ba- 
sin, regardless of the neighborhood they lived in. 
Bathing as a thermal practice became a crowd-puller, 
bringing people from different social classes and cul- 
tural backgrounds together. A pleasant swim in Lake 
Geneva had a long tradition among the Genevans, as 
evidenced by the many street names that refer to the 
ancient presence of baths. Similar to the wash 
boats, where women cleaned clothes as a daily ne- 
cessity, floating baths on the Rhone at the turn of the 
20th century reflected people's passion for water. 
The state, as the owner of the shoreline and the lake 
itself, guaranteed access to both at several spots out- 
side the city. The construction of the prestigious 
quays, on the other hand, limited the direct access of 
inhabitants to the water through the terrace construc- 
tions and ripraps of stone rubble. An exception was 
the bath Les Bains des Paquis, which opened on the 
mole of the Les Paquis district in 1872 and became a 
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municipal public establishment in 1890. It offered 
special opening hours for women only, and free entry 
on Sundays and public holidays. Later, two sections 
separated male from female bathers. During heat 
waves, such as in 1932, and on hot summer days, the 
baths almost burst under the high demand, as it was 
the only official inner-city bathing place for Genevans. 


Over the years, the venue underwent several struc- 
tural changes. The Association des Usagers des 
Bains des Paquis (Association of Users of the Paquis 
Bath), founded in 1988, successfully averted the de- 
molition of the venue. And today, in addition to its 
popularity in the summer, the baths host various cul- 
tural events throughout the year, offer massages and 
feature a sauna, which has become a welcome ther- 
mal sensation during the cold winter months. On one 
hand, the flatness of the lake means thatthe sun there 
shines low, which warms the bathers especially in 
winter; on the other hand, the bathing cabins protect 
against the cool Geneva breezes, which is why resi- 
dents enjoy the spot even in the cooler seasons. As a 
neuralgic point of the lake basin, the baths have be- 
come something of an institution in the city: a wel- 
come opening for the otherwise densely-populated 
neighborhood of Les Paquis, which stretches behind 
the waterfront all the way to the main railway station. 
The association managing the baths strives to con- 
serve and promote the space, “allowing socialization 
between individuals from different social classes,” 
and, as such, the venue is often considered a place of 
tolerance, freedom and participation. 


Both the importance of access to water as a means 
for the body to regulate thermal stress and the pre- 
vailing scarcity of cooling facilities in the city have be- 
come increasingly apparent with the changing cli- 
matic conditions and more frequent heat waves in 
Geneva. Growing demand from citizens has been met 
by the recent extension of the roadstead to include 
the Plage des Eaux-vives, a public beach on city terri- 
tory that opened in summer 2020. The new nearby 
lido is a welcome addition to an existing lido in the 
municipality of Cologny that was established as early 
as 1932, both in the wake of hygienic developments 
and in light of the canton's concern for the physical 
and mental well-being of its population.” The 
Geneve-Plage project, developed in conjunction with 
a marina, featured major infrastructural upgrades in 
the second half of the 20th century: an Olympic-sized 
swimming pool (1972), a new surf center (1987) and a 
water slide (2006), all accompanied by additional ac- 
tivities such as water skiing or gymnastics for adults. 
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The design of the newly built Plage des Eaux-vives is 
based on computer modelling of currents and wave 
dynamics. Developed as an embankment, and angled 
at 30º from the shoreline, it adds four beach sections 
with sand and gravel, green lawns for sunbathing, a 
restaurant with views of the city and a reed-filled wa- 
ter garden. The inaccessible biotope of the beach, 
which has become a natural habitat for native animals 
and plants, can be understood as a reconstruction of 
the shoreline condition that ceased to exist once the 
quay was constructed in the 18th and 19th centu- 

ries.°° The different elements subsumed in the beach 
infrastructure combine ecological thinking and leisure 
activities with strong ties to the urban climate and in- 
dividual thermoregulation, as well as being a place 
that emphasizes the identity of Geneva as a city of 
water. While such thermal locations illustrate the fact 
that climate mitigation is not understood by city dwell- 
ers as a technical and strategical endeavor, the loca- 
tions are, nonetheless, embedded in the urban land- 
scape through architectural structures and 
socio-cultural activities that enrich the repertoire of 
ways to cope with the urban climate. 


Integrated Thermal Infrastructures 


When considering natural and technological potential 
for thermal regulation, the larger urban environment 
shows itself a promising benchmark for the climatic 
planning of neighborhoods. Using the thermal capac- 
ity of water to control the interiors of buildings, or help 
shape the microclimatic conditions in neighborhoods, 
would strengthen the interweaving of city and nature 
through various types of infrastructure. Similarly to 
the urban climate, lake water exhibits dynamic behav- 
ior and is subject to the conditions of its context. The 
average residence time of water originating from the 
Rhone glacier and exiting into the lake in the city of 
Geneva is 11.3 years. The average water level is 
372.05 meters, with maximum fluctuations measured 
at 70 centimeters. Just like the seasonal changes 
throughout the year, the lake has its own weather— 
one influenced by the inflow from the watercourses 
and the climatic conditions, and which results in ev- 
er-changing temperatures and thermal fluxes in dif- 
ferent places. Hence, climate-induced changes to the 
temperature, the water dynamic and the thermal 
stratification all disturb the functioning of the aquatic 
ecosystem. 


The project GeniLac, whose construction started in 
2015, and is scheduled for completion in 2035, takes 
a further step in the influence that the different water 
ecologies have exerted on the urban space of Geneva 
and its inhabitants. The water infrastructure should 
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== The Rhone with simple 

! embankments and a small 
mill around 1880. 


15 
A washing boat moored at the bottom of Saint-Jean's The Quai du Seujet with mills and workshops in 1860. 
garden serves as a public place for daily laundry. 


| 


17 

The hydro plant of Forces 
Motrices (as yet, without 
its turbine hall) releasing 
residual pressure every 
evening via a safety valve, 
hence being the main 
attraction in the city, 

c. 1886. 
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Geneva's lake basin, showing the moles with Les Bains des Paquis and the 
iconic Jet d'eau backed by prestigious facades and Mont Saleve. 


Geneva 
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The Rhone estuary with 
the Pont du Mont Blanc 
(1862) and the paddle 


| steamers France (1886) 


and still-operating Rhône 
(1927) in 1930. 
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The new quay 
with the Hotel 
des Bergues, 
built in 1830, on 
the right and the 
hydropower plant 
Pont de la 
Machine on the 
left. 


help the city bring about the energy transition. Lake 
water is being used to create a city-wide thermal 
network for the energy-efficient thermal control of 
buildings. From a depth of 47 meters, water at a tem- 
perature of 7°C is piped into a pumping station in the 
Le Vengeron neighborhood, then passes through the 
heat exchangers (and heat pumps) installed in the 
buildings connected to the grid before finally being 
returned to the lake. After that, a secondary, internal 
circuit supplies the buildings with either cold or hot 
water depending on the seasonal cooling or heating 
requirements. 


The return temperature to the lake is reciprocal, and 
must not deviate more than 1.5*C from the original 
temperature in order to maintain the lake's ecological 
balance.‘ The predecessor of GeniLac was the 
hydrothermal network Geneve-Lac-Nation, which 
already cooled several institutions of the International 
Quarter (UN, ICRC, UNHCR). According to the opera- 
tor SIG, the expansion of the GeniLac energy network 
is expected to reduce CO; emissions by some 63,500 
tonnes per year by reducing fossil-fuel consumption 
by 39 percent per person (in combination with geo- 
thermal energy).? Heating with water is hardly a new 
concept; it was already used in Zurich in the 1930s to 
heat the town hall, using the heat capacity of the River 
Limmat.”” However, various examples that followed 
were never able to trigger a broader breakthrough in 
the technology. The deep waters of Switzerland actu- 
ally offer favorable conditions for renewable heat pro- 
duction for cities, providing the coordination among 
the different actors works smoothly and the impact on 
ecosystems is minimized.”* In Geneva, twelve proj- 
ects connect different parts of the city, mostly as part 
of the Grand Projets, to the large heating network, 
which is ultimately fed with water from both the lake 
and the Rhóne.*? Similar to the energy infrastructure 
at CERN, the water network, with its 1.4-meter-diame- 
ter pipes, complements Geneva's water ecology, 
which exists primarily underground. Buildings in the 
city center could be connected to the system, laid 
mostly unnoticed under the streets of Geneva, by 
2021 and the airport could follow by 2022. The future 
impact of the gigantic energy infrastructure on the 
lake's ecosystem and its potential for architecture 
and the urban space still awaits scrutiny. 


The infrastructural landscape is part of an amalgama- 
tion of water-related ecologies, and also includes the 
water-protected areas and floodplains along the 
Rivers Arve and Rhóne (e.g., Sentier du Rhóne, 
Chevres Barrages, Verbois Barrage, Rhône-Verbois 
nature reserve or Etangs d' Etrembieres). Such blue 
corridors established along the water bodies should 
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be understood as we do the green corridors of the 
20th century. Their potential as cold-air generators 
affect the microclimate of their immediate surround- 
ings.” The idea of fundamentally reconsidering water 
as a significant urban element offers new opportuni- 
ties for contemporary architectural design practice 
and urban planning to explore issues of energy in re- 
lation to ecology, society and urban climate on a 
larger scale. The synergetic interplay of nature, tech- 
nology and the urban environment converges in a 
novel form of infrasystem,”“ allowing the authority of 
architecture to be recalled in order to propose spatial 
solutions for coping with the urban climate. Like a new 
Infra-architecture (addressing technical architectural 
and social aspects), microclimatic conditions in the 
city could be manipulated and designed as specific 
(thermal) places. 


2.2 Architectural Strategies of 
Thermal Adaptation 


While Genevans valued water in its many manifesta- 
tions as a habitat and source of energy in one place, 
one that was cultivated both socially and aesthetically 
as an integral part of the city, urban history elsewhere 
paints a picture that increasingly assigned water a 
subordinate role, with consequences for the city's cli- 
mate. The current urban landscape of the Praille- 
Acacias-Vernets (PAV) area of Geneva, with its indus- 
trial character, is based historically on the presence of 
water as a natural source of energy and its successive 
harnessing by agriculture and, later, manufacturing 
plants. Developed in the second half of the 20th cen- 
tury into a major transportation hub on what were then 
the city's outskirts, the centrally-located area is today 
part of one of Geneva's most recent neighbor- 
hood-development projects, the so-called Grand 
Projet PAV. The 230-hectare site is home to some 
1,650 businesses, a stadium, several shopping centers 
and some newly located banking facilities. Despite its 
industrial character and extensive system of railway 
tracks and road infrastructure, this vital neighborhood 
"does not represent a wasteland,” which is why the 
expansion of the dense city in the wake of the Grand 
Projet "must take place in a process of progressive 
mutation””” and will eventually provide for an addi- 
tional 12,000 flats and 6,000 workplaces. 


In 2019, a young couple in the industrial area moved 
into the rooms of their new condominium, which they 
had purchased in PAV inside a former brewery build- 
ing of the Feldschlósschen company. Over the course 
of a year, Cloé and Guillaume, who are both archi- 
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tects, converted the space to meet their personal and 
professional needs. In the process, they developed an 
individual approach to controlling the indoor climate 
through targeted heating and cooling strategies. The 
climatic conditions of the industrial environment exert 
a significant influence on the decisions made in the 
interior. 


l investigated the interplay between personal percep- 
tion, conscious control of the indoor environment, and 
measurable parameters in a research project that col- 
lected and recorded data from several temperature 
sensors distributed throughout the studio flat. In the 
period between 2019 and 2021, a log of thermally rel- 
evant actions in the interior was kept alongside the 
measurements. In addition, semi-structured inter- 
views complemented the quantitative information by 
including the residents' personal assessments. By 
comparing and analyzing the actions taken to adapt 
the internal structures (e.g. moving a folding wall or 
curtains) with the change in microclimatic disposition 
in the room, the overlapping of information revealed 
potential convergence and differences between such 
measures and personal perception. 


From Floodplain to an Urban Heat Island 


It is telling that the names of the areas that form the 
project perimeter of the Grand Projet PAV today refer 
to the natural environment that long provided for 
Geneva's inhabitants in the past. In Old French, 
“praille” was a reference to meadows; “acacias” to the 
robinia tree, which originated in America; while “ver- 
nets” signified alders, which grew along watercourses 
or in wetlands. Formed by an ancient loop of the Arve 
River, the site was a floodplain that was used by fish- 
ermen in the Neolithic period, partially meliorated in 
the Middle Ages, and has the Aire and Drize riverbeds 
as its borders. Already by 1388, the first hydraulic 
mill, in Pesay, had been erected to exploit the energy 
potential of the River Drize. lt was followed soon after 
by a second mill, the Moulin de Lancy. ln the 16th cen- 
tury, the amelioration of the open plain opened the 
way for agriculture with cattle breeding and market 
gardening. Both were strengthened with the Savoyan 
protection of Carouge until the early 1790s, and the 
town's integration into the canton of Geneva in 

1816. 


The convergence of agriculture, the presence of wa- 
ter and the construction of the first railway infrastruc- 
tures in the plain in 1846 led, not only to the establish- 
ment of the first modern milk-processing factory in 
1838 (Laiterie modele), but also, in 1873, to an entire 
industry based around the production of artificial ice. 
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Subsequently, that stimulated the beer-producing ac- 
tivities of five Genevan breweries between 1888 and 
1901. The first half of the 20th century was mainly 
driven by the industrial development of Carouge, and 
the major development projects in La Praille that were 
related to the railway sector. The meadows and mar- 
ket gardens, on the other hand, provided a particu- 
larly unspoiled terrain for building, which is why indus- 
trial plants were able to be established according to 
their own logic and infrastructural setups. This re- 
sulted in unique architectural expressions in many 
buildings. The geometry of the dominant north-south- 
oriented layout resulted from the major river-service 
projects that were envisioned in the 1930s but never 
realized. With the establishment of the industrial zone 
in 1960, the principle of zoning with the specialization 
of neighborhoods was introduced. lt, in turn, gave rise 
to a specific urban morphology that obeyed the logic 
of the infrastructural connection of numerous enter- 
prises to the railway and transport system. 


The continuous transformation of the district's land- 
scape into a place where buildings, infrastructures, 
and services were closely interlinked was carried out 
according to the objectives of market process optimi- 
zation, but neglected the spatial allocation of natural 
elements. Today, the neighborhood is characterized 
by immensely sealed surfaces produced by many ac- 
cess roads, train tracks and building complexes that 
were all erected in the 1960s to establish the city's 
huge freight-transport hub. Unlike other neighbor- 
hood developments dedicated to housing, the area 
has little to no green space to offer.” In order to 
boost the development and attract more companies, 
the industrial zone was adapted to automobile traffic, 
and individual plots were allocated a (reduced) maxi- 
mun size in order to achieve better land use. 


Considering Geneva's current urban climate, the PAV 
area is one of the hottest neighborhoods in the city 
during the summer months; it has very high surface 
radiation emitted by the asphalt, railway ballast and 
its many concrete buildings.” Surface temperatures 
may rise up to 10ºC higher than in other parts of the 
city, depending on the urban design—namely, the in- 
termixing of green spaces, building density, typology 
and the extent of traffic areas.*°° Due to its structural 
and material disposition, the industrial area today 
contributes significantly to the phenomenon of the 
urban heat island in the city of Geneva.” For this 
reason, the redevelopment of the PAV area envisages 
a number of measures to mitigate the negative ef- 
fects of the urban climate as set out for Geneva, in 
general, in the Cantonal Climate Plan and specifically 
formulated in the Plan Directeur de Quartier PAV. 
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General expansion plan for the city of Geneva on both 
banks of the Rhone from the year 1858. 
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22 
Panorama showing people strolling along the Quai du Mont- 
Blanc promenade on a sunny summer day in the 1890s. 
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su Crowded men's section of Les Bains 
p il des Pâquis and many recreational 

~~ activities at the lake in July 1932. 


Geneve-Plage and its "do your business in 
the lake" type of toilets, around 1932. 
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The mushroom-shaped showers 
embody the architectural identity of 
Geneve-Plage in August 1933. 
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Most parts of the perimeter have been developed by 
deliberately combining working, living, sports and lei- 
sure activities in dedicated areas. In the surrounding 
area, the Office of Urban Planning, part of the 
Cantonal Department of Territorial Planning, envis- 
ages an increase in green spaces with a new central 
park and the restoration of the two small rivers, the 
Drize and the Aire. Both were canalized in the 1960s 
and buried under the industrial park at a depth of up 
to 20 meters; they are now to be brought back to the 
surface and re-naturalized. The reintegration of water 
into the neighborhood is intended to create identity 
and, through the creation of new cold-air-generation 
areas, could also result in more pleasant microcli- 
matic conditions for the new housing estates. 


Energy-related construction regulations for buildings 
and technical installations are defined in both the 
Swiss Energy Act ^ and the cantonal and municipal 
Planning and Building Acts.*”* If a building is newly 
constructed or renovated, a building energy certifi- 
cate' must be provided, which states “how much 
energy a residential building requires for heating, hot 
water, lighting and other electrical consumers in stan- 
dardized use.”*°° New buildings in Geneva must also 
meet the “2000-Watt Society” guidelines (energy 
consumption per person max. 17,520 kWh per annum) 
using, for example, energy labels, solar heat gains, 
non-fossil heating systems, etc.*” The energy verifi- 
cation is an integral part of the ordinary building per- 
mit and considers aspects such as construction, insu- 
lation methods, and technical equipment, which 
ultimately define the thermal conditions inside the 
building. The local architecture is therefore charac- 
terized by a strong thermal-structural separation be- 
tween inside and outside. However, in the case of the 
couple's new architect-studio apartment, the energy 
regulations do not apply because, legally, they are not 
applicable to internal construction in existing 
buildings. 


Designing an Internal Thermal Landscape 


While Guillaume was looking for a new location for his 
architectural practice, an opportunity emerged that is 
extremely rare in the city of Geneva. The firm was 
given the chance to take part in a bidding process for 
the purchase of a particular studio floor in the former 
Feldschlósschen brewery building in the middle of the 
Carouge industrial area. The building is located in the 
area designated "Transformation Zone 2" in the 
PAV's master plan, where a mixture of commercial, 
service and residential uses is permitted. At the same 
time, and in contrast to the rest of the project area, no 
specific planning measures are anticipated by the city 
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in this zone to increase its quality for future habita- 
tion. Instead, the landowners themselves are to de- 
cide whether, and how, to make changes to their 
properties in the near future, with the area undergoing 
a gradual transformation over time. Thus, the prevail- 
ing industrial character constituted by the material- 
cultural landscape of rail and road infrastructure, but 
also some of the thermal characteristics of the neigh- 
borhood, will be largely preserved. 


In order to buy the studio in the course of the applica- 
tion procedure carried out by the landowners, the 
Fondation pour les terrains industriels de Geneve 
(FTI), Guillaume and Cloé had to prove a close link 
between the profession exercised in the studio space 
and the possibility of using the space for living. 
Eventually, the couple obtained the studio space in 
2019 as leasehold for the next 50 years, and at a 
price considered rather moderate compared with the 
regular real-estate market in Geneva. Globally, 
Geneva counts as one of the most expensive cities 
and one with the lowest vacancy rates. 


Occupying a duplex unit on the upper floors of the 
building, the two architects transformed the space 
over the course of one year—making substantial alter- 
ations to the existing structure. They extended a mez- 
zanine, formerly used for storage, to gain enough 
floor space for a living area—one large enough to host 
a sleeping niche, a small bathroom with toilet, a work 
and living room, and a kitchen. Guillaume and Cloé 
had to install all the technical equipment required in 
the bathroom and kitchen themselves, while they cov- 
ered the false floor with commercially available floor 
tiles commonly used in garden settings outdoors. A 
spiral staircase connects the private area with the 
roof, which is accessible via a sawtooth-shaped, fully 
glazed roof construction. A second staircase con- 
nects the upper floor via the kitchen to the common 
area on the lower floor. Another staircase, partially 
hidden, provides direct access to the private area 
from the shared hallway. 


The ground floor features the common workstations, 
the photocopier, the library, the model-making area, 
the meeting table, a washing trough, the coffee 
kitchen and numerous plants—which decorate the 
high room like a winter garden, their organic forms 
contrasting with the raw industrial architecture. 
Guillaume not only runs his own architectural firm with 
two employees in the common area of the studio 
apartment, but, to finance his mortgage, also rents 
out three work desks to an engineer and a landscape 
architect. Due to such financial considerations, the 
couple decided to keep the studio apartment de- 
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tached from the heating regime of the building in or- 
der to avoid a high energy bill. All parties in the large, 
uninsulated building share—in proportion to their oc- 
cupied floor space—the cost of the considerable heat- 
ing bill. Neighbors in the building include offices, a 
wine trader, a bakery, a company selling concrete 
facades, a neobank start-up, a dance studio, a land- 
scape architect, artists, and an art gallery, among oth- 
ers. With this atomized mix of functions among the 
building users, a more demanding sense of comfort 
must be metin the former factory. This has the effect 
that the entire building has one of the highest energy 
consumptions per square meter of floor space of all 
its neighbors.**° For the 270-square-meter space, 
Guillaume says the cost of heating oil would have 
been about 3,300 USD per year and would have re- 
quired the installation of new radiators, which he felt 
would be “too expensive and too un-ecological” over- 
all.“ Instead, an individual approach should combine 
greater efficiency with ecological considerations. The 
strategic addition of adaptable building elements and 
heating appliances not only enables the orchestration 
of the tense relationship between the private and 
public spheres in the duplex by blocking visual and 
acoustic nuisances; by installing two fireplaces fed 
with wood logs or pellets to heat the lower and upper 
floors separately, the thermal environment can be in- 
dividually regulated and adapted to changing circum- 
stances. Buying larger quantities of local wood from 
the wholesale Landi also cut the cost for heating by 
some 75 percent. 


Guillaume mentions that he has to take into account 
the thermal requirements for workspace environ- 
ments stipulated by the State Secretariat for 
Economic Affairs (SECO) since he rents out parts of 
the office to different parties.**° As required by exist- 
ing norms and applicable law, a comfortable room 
temperature for office work has to be around 20.5“C 
and should not exceed 26.5°C.*** Hence, the archi- 
tects' priority lies in controlling the thermal conditions 
in the common area to meet such legal standards. 
The first floor is also the part of the studio space that 
is occupied most of the day, while the private area is 
mostly used by the couple in the evenings. Heating 
the upper part is of less urgent relevance to Guillaume 
as he tries to use the temperate air rising from the 
common area as far as possible. 


Considering the control of the indoor climate a per- 
sonal matter, the couple was willing to re-evaluate 
their perception of thermal comfort—not only in order 
to save energy and money but also to establish new 
everyday practices and routines. At the center of con- 
trolling the thermal dynamics between the two differ- 
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ent spheres in different seasons is a large folding wall 
installed on the upper floor as a physical barrier to 
separate the private from the public areas. Being fully 
glazed, the adaptable structure allows for maintaining 
the visual connection between the different parts of 
the studio-apartment and was only perceived by the 
couple as a significant climatic influence after its in- 
stallation.**” By deliberately determining the open- 
ness of the foldable glass wall, the thermal flows can 
be orchestrated according to need. 


In Winter: 
Place Making by Virtue of Niches 


In the colder winter months, the working space is 
heated during the day by the fireplace on the ground 
floor. The wood pellets are combusted piece-by- 
piece to maintain a certain room temperature suitable 
for the desk work taking place nearby. Guillaume ex- 
plains that in order to keep his employees comfort- 
able, he starts heating the common area if the tem- 
perature drops below 20“C.“““ Two additional electric 
stoves are used sporadically when employees are too 
cold from working in a seated position for long peri- 
ods, and the wood stove is insufficient. Cloe, being 
employed in an architecture office in the city of Basel, 
commutes in the early morning and the evening, so 
the private area remains mostly unused during the 
daytime. In the evenings, though, once work is finished 
and people have left the office, the doors are folded 
open like the aperture of a camera in order to allow 
the warm air to flow upwards and slowly raise the 
room temperature by up to 5°C in the private area. 
Should the thermal capacity be insufficient in estab- 
lishing an agreeable environment, a second fireplace 
located right behind the folding door can also be used 
to heat up the upper floor. 


This method of heating with wood is, of course, limited 
to the manual operation of the fireplaces. Especially 
at night, when the heat from the pellets or logs begins 
to fade, and no one is feeding the fireplace, the ther- 
mal oscillation within the studio apartment becomes 
most evident. As soon as the couple leaves their bed 
and stores the blankets that kept them warm over- 
night, they have to cope with cool temperatures. 
Guillaume notes that during very cold winter nights, 
the temperature in the living room can drop to as low 
as 12°C; the only remedy for them then is to get a hot 
shower and put on additional clothing to keep 

warm. 


In the absence of technical automation, the couple 


has to control the thermal conditions by consciously 
deciding whether to fire up one or the other fireplace. 
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Lake Geneva's weather highlights the annual 
temperature variations and distortions of the 
water at different depths. 
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Earth works in the lake and at the shore for the construction of 
the GeniLac pumping station in the Le Vengeron neighbourhood 
in Geneva, 2019. 
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GeniLac's Underground system of pipes and 
pumps to cool and heat buildings via heat 
pumps and exchangers with lake water. 


puming station 


; water garden of the wildlife biotope as part of 
| Geneva's blue infrastructure. 


View of the pebble beach of the city beach Plage des Eaux- 
Vives with view of the shore of the Lake Geneva basin. 
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If they are spending time alone in the studio apart- 
ment, the main focus is the thermal condition of the 
private area and kitchen. The architects also plan to 
insulate the shed roof opening, which is basically just 
a layer of tile and a concrete roof, to reduce the con- 
densation that occurs and keep heat inside longer. 
This is because during very cold periods and due to 
the insufficient insulation, cold air may move down 
from the upper floor to the common area if the sliding 
door remains open. This sensory perception of ther- 
mal flows is supported by the recorded measure- 
ments, which show significant temperature drops in 
the common area as a result of opening the folding 
door.“““ While insulating the roof involves substantial 
interventions in the roof structure, as well as permis- 
sion from the entire residential owner group in the 
building, a simpler and more straightforward solution 
to keeping the warmth in place is the installation of 
aluminum insulating curtains. Instead of defining sep- 
arate spaces and uses, the curtains create distinct 
climatic micro-spaces or thermal niches within the 
otherwise open area. 


When creating smaller thermal spaces, such as the 
bathroom or the sleeping niche, other thermal 
sources and materials may start to play a more im- 
portant role than any stoves; the warm water from the 
shower helps heat an area for a certain period—as 
does the body itself, which continuously gives off heat 
to the environment during the night. Drawing the cur- 
tains means preserving energy in a specific place. It 
helps, in effect, to create a cascade of microclimates, 
which mediate between the absolute outside tem- 
perature and the indoor environment. The compart- 
mentalization of the interior space through the use of 
adaptable structures is a key aspect of Guillaume's 
strategy in creating a thermal landscape that bal- 
ances (financially driven) energy concerns with those 
of comfort. 


In Summer: 
Softening the Inside-Outside Relationship 


In controlling the thermal environment, the summer 
months hold challenges different from those faced in 
winter. While equipping offices with air conditioning 
seems to be increasingly popular in the industrial 
neighborhood, the acquisition of air-conditioning de- 
vices for Guillaume and Cloé is out of the question for 
"ideological reasons." ^? Guillaume adds that another 
argument against engineered "constant indoor tem- 
perature" is the loss of "sense of seasonal change" in 
the home, inasmuch as windows in air-conditioned 
rooms stay closed, creating a "problematic contrast" 
between inside and outside. ^? Therefore, the cooling 
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of the apartment without the help of such technical 
devices relies on passive means. Since, due to its lack 
of insulation and its structural design, the structure of 
the brewery building has little thermal inertia to cool 
the studio spaces, cross-ventilation becomes the only 
available measure. In contrast to what a differentiated 
room layout achieves in the winter months, thermal 
comfort now requires fully opening the entire studio 
space. The door to the roof, the two skylights, the 
green sliding door, and the door to the outdoor ter- 
race overlooking the railroad tracks and adjacent in- 
dustrial complexes are all opened to facilitate air flow 
through the two-story space as much as possible. 


In this state, the studio apartment presents itself as 
one continuous, largely permeable space that is sub- 
ject to the laws of thermodynamics. Guillaume says 
that stagnant air in the studio space is even worse 
than high indoor temperature, which is why airflows 
should circulate as effortlessly as possible. In sum- 
mer, the air in the lower floor is usually cooler, so 
opening the entire room allows the warm air to escape 
through the roof door. The chimney effect draws air 
from the backyard through the patio door in the com- 
mon room, so the constant flow through the apart- 
ment is a welcome relief. The architect decides, day 
by day, whether cross-ventilation is the appropriate 
method to cool the apartment, or whether it is even 
advisable to close all doors at dawn to keep indoor 
temperatures low for as long as possible. Around 
noon, however, there is no way around opening the 
apartment, less to cool than to maintain a subtle air- 
flow that the constantly changing reflections in the 
moving curtains show. That said, an increase in 
"tropical" nights with little cooling sometimes makes 
working in the studio a challenge for the team. 


The internal flows are subject to the interplay between 
the layout of the apartment and the daily weather fluc- 
tuation, but also to the more persistent urban climatic 
condition. The “Geneva Bise" makes for a constant 
wind on the roof, which allows for cross-ventilation of 
the apartment in the industrial area even in the hot- 
test times of the year. Air temperatures are then well 
above 32ºC, with a physiognomic temperature equiv- 
alent (PET) of 46-48°C.*** The "indicative daytime 
planning map" for the period 2020 to 2049, pub- 
lished by the canton, rates the "bioclimatic situation" 
of the industrial area as “unfavorable.”*** In August 

at midday, the sun-exposed terrace facing the tracks 
heats up to around 42*C.*”* It goes without say- 

ing that people avoid the outdoors during lunchtime, 
and gather instead around the meeting table among 
the work desks and green plants in the cooler in- 

door space. Although the indoor temperature in the 
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common area reaches 27.5°C, almost the maximum 
for workplace environments for heat days, it is 15ºC 
cooler than outside. ^^ 


The industrial zone is not subject to the Grand 
Projet's strategies to improve urban climatic condi- 
tions through interventions such as the new greening 
and reintroduction of open waterways. Instead, peo- 
ple must rely on personal practices to mitigate the 
effects of urban climates. Guillaume, who often 
crosses the streets and tracks of the industrial district 
to go to the weekly market in Carouge—whether for 
errands or for the odd jog—says that few people here 
go outside in the summer, and that during heat waves, 
the air almost "burns" and shimmers like a Fata 
Morgana in the desert.“ The continuously sealed 
material landscape is responsible for the microcli- 
matic conditions that, even today, affect the urban 
climate of the entire city. The only way to cool off is to 
visit the nearest river or lake, or plunge into the Rhóne 
three kilometers away at Pointe de la Junction, which 
is Guillaume's favorite way to cool off. 


3. Infra-architecture: A Conceptual Approach 
Towards Thermal Design 


This chapter has outlined how a natural resource, wa- 
ter, is closely intertwined with the urban history of 
Geneva and has been a transformative force in the 
city's energy landscape. Technological developments, 
both in the past and today, provide suitable means to 
use renewable energy resources with the correspond- 
ing energy infrastructure ever more efficiently. In 
Switzerland, given the geographical and morphologi- 
cal condition of the country, the potential of water has 
played a key role historically and led to a real push of 
energy production during industrialization. Recent 
advances in the development of large-scale heating 
networks that use water to heat and cool buildings 
promise to have a positive impact on reducing carbon 
emissions, and thus represent a concrete component 
of the energy transition. Technological solutions, 
however, still need to team up with measures that aim 
to reduce the energy consumption of urban activities 
across the board, the discipline of architecture being 
at the heart of contributing new strategies in the field 
of climate control and climate adaptation. ^^ 


Both case studies addressed forms of thermal perme- 
ability that are aimed at understanding the urban cli- 
mate as constituted by a set of interdependent micro- 
climates. At the scale of the dwelling, both the 
permeability of the building envelope, and the adap- 
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The steady transformation from an alluvial plain into a 
transport-infrastructure hub for cargo handling, here 
seen in 1968. 


tive components inside, play a central role in shaping 
the thermal landscape, and how microclimatic niches 
can be appropriated daily by occupants in specific 
ways. The account of Geneva's waterfront ecology 
advocates new concepts of integrating natural ele- 
ments in the city's fabric as thermal-infrastructural 
elements that have both architectural and social 
meaning. Henri Dufour argued at the time for an “aes- 
thetic transparency of the city” through a structural 
opening of the urban fabric around the Lake Geneva 
basin. The case studies suggest a new "transparency 
of the urban climate" in the sense that we understand 
both the house and the city as a coherent thermal 
landscape, rather than as isolated entities. 


Today, the experimental approach to thermal design 
requires both the willingness and the interest of users 
to acquire the necessary empirical values. Guillaume 
developed a sense of the environment at a young age, 
whether in the family home, in the Boy Scouts, or later, 
when he had his architectural practice in the same 
factory for four years without the idea of one day ever 
living there.” As such, he understands this way of 
living in the “Transformation Zone 2” as a self-im- 
posed “pilot project,” one for which “one would like to 
have a client” but which is “not legally feasible in 
Switzerland” under regular planning circum- 
stances.“““ Structural adjustments and individual in- 
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phy) of the district's environment characterized 
by impermeable tarmac, gravel and concrete. 


Logos of companies located in the FIPA indus- 
trial zone in 1985. 
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The industrial building of the former 
E Feldschlósschen brewery was con- 
verted to mixed use and now also 
has partly residential space. 
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The adaptable element of the folding door serves 
as architectural tool of thermal control. View of the 
kitchen area with its sky window. 


37 
The two fireplaces in the common and the 
private area are fired with wood bought at the 
local wholesale Landi store. 
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The insulation curtains—together with the adaptable 
green folding wall—permit the design of distinct thermal 
environments in an otherwise continuous indoor space. 


39 
Thermal diversity in the studio apartment 
thanks to curtains and a folding wall. 


Dl 
40 
The common room with the fireplace, plants, and a 
meeting table is used for various occasions in both 
the summer and winter months. 
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terior control, as practiced by the two architects, al- 
low for the creation of an incremental thermal 
landscape inside the building to mitigate the uncom- 
fortable outside conditions of the PAV area. The pro- 
motion of intermediate zones become a solution to 
partially compensate for insufficient building insula- 
tion, the positive effect being that the awareness of 
external climatic conditions is in no way suppressed. 


Behavioral adjustments also help reduce energy con- 
sumption by linking one's perception of comfort with 
economic considerations. ^? The avoidance of overly 
energy-intensive insulation materials, combined with 
thermal intermediate spaces and an awareness of nu- 
ances in indoor comfort, could represent a new archi- 
tectural approach—one significant in countries where 
existing buildings are retrofitted rather than newly 
built. 


As the examples of Geneva's waterfront and indus- 
trial district show, an “overlap [of] natural and human- 
built systems”““ in cities, as referred to by Michael 
Hough, offers great opportunities for sharpening the 
imagination in regard to thermal spaces in architec- 
ture and urban planning, and for comprehending the 
urban climate as an anthropogenic construct that 

can be designed more deliberately and thoughtfully. 
Where urban planning—as highlighted in the PAV dis- 
trict—offers no solution, there should be scope at 

the structural level of a building to influence micro- 
climatic conditions in an appropriate way. An "archi- 
tecture of choice" allows diversification within the 
thermal landscape of interior spaces through adapt- 
able structures and intermediate spaces that are re- 
sponsive both to the environment and the user. 
Promoting new forms of architecture that allows indi- 
viduals to be actively involved in controlling the indoor 
environment can potentially help to increase a sense 
of responsibility, if not challenge normative notions of 
comfort. 


The idea that the energy commons found in urban na- 
ture—and, in particular, that the case of Geneva water, 
with its thermal capacities—have an influence on the 
co-design of the urban microclimate should spur a re- 
consideration of the notion of energy infrastructures. 
As the mainspring of modernity, infrastructure should 
be thought of in such a way that, enriched by the abil- 
ity to influence urban climatic aspects, it also carries 
urban-design and social significance. Therefore, in 
addition to technical efficiency, more attention should 
be paid to the qualitative integration of water infra- 
structures into the city. One way this has happened 

to date is by reintroducing water openly through the 
city, as suggested in the urban-climate literature. 
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Another approach could be to deliberately use water 
as a thermal cycle, much like “GeniLac,” to help influ- 
ence the city's microclimatic landscape. Just how the 
interaction between technological systems and archi- 
tecture could inform the thermal conditions in public 
spaces, say, still needs to be explored, both in clima- 
tological terms and from a design perspective. In this 
sense, the architecture of Geneva's waterfront, with 
its public baths and climatically comfortable places, 
offers insight into a broader vision of what "ther- 

mal infrastructure," beyond pipes and hydroelectric 
plants, could look like as an integral part of the city- 
scape. The idea of a thermal Infra-architecture, un- 
derstood as a space-generating setup made up of 
natural elements and technical systems, could play a 
key role in the coping with, and controlling of, urban 
climate. Such Infra-architecture combines techni- 
cal, aesthetic, ecological and social aspects, and may 
help create a favorable urban climate in the future. 


Neither house nor city should be understood in cli- 
matic terms as a closed container (inside-outside 
dualism or urban heat island), but rather as a coher- 
ent thermal landscape with a wide variety of local- 
ities yet to be identified for urban planning. While 
climate control at various levels means the active de- 
signing of the urban climate, the energy transition 
requires a reassessment of thermal practices in order 
to save energy. In this sense, coping with urban cli- 
mate through climate adaptation on the one hand, and 
controlling microclimatic landscapes in cities through 
spatial means on the other, puts research-driven de- 
sign practice by architects at the forefront of solution- 
finding. As the interplay of natural processes, infra- 
structural systems, and the constituents of the urban 
climate suggest, energy-conscious planning of the ur- 
ban environment takes place at different levels. In this 
context, the thermal governance of the city becomes 
a multi-scale challenge for many different actors. 
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Santiago de Chile: 
The Standardization of 
Indoor-Outdoor Transitions 


On the Dynamics between Public 
Spaces and Climate Control 


Lionel Epiney 


Thermal standards and regulations shape both the 
way cities are built and the way in which they are 
climatically experienced. Agencies such as the 
US-American LEED (Leadership in Energy and Envi- 
ronmental Design), the British BREEAM (Building 
Research Establishment Environmental Assessment 
Methodology), the French HOE (Haute Qualite Envi- 
ronmentale), the German Passivhaus or the Swiss 
Minergie offer certifiable solutions for thermal com- 
fort in combination with the promise of sustainability 
in architecture, as well as for cities. However, by es- 
tablishing building standards that regulate boundar- 
ies between interior and exterior, standardization can 
lead to homogeneous thermal indoor environments 
with little attention paid to the local specificities. 


Based on data from Santiago de Chile, | will outline 
the variety of architectural, technical, socio-cultural 
and historical manifestations that deviate from the 
oft-perceived objective, rationally defined standards. 
The chosen case studies outline this questioning of 
an apparent universality of standards by pointing out 
local specificities of thermal comfort. | explore 
whether standards might represent a new form of 
norm, as they can substitute for informal practices or 
building traditions, and where formal ways might re- 
place experience. 


Methodologically, this chapter relies primarily on an 
analysis of thermal-related documents collected 
during thirteen months of fieldwork in Santiago de 
Chile in 2017 and 2018. The documents range from 
government-issued policies, plans, construction man- 
uals and official guides on how to apply certain regu- 
lations, to public records in the form of newspaper 
articles and advertisements. The analysis of the docu- 
ments is complemented by a set of qualitative inter- 
views with architects, inhabitants, policy makers and 
academics who are concerned with climate control 


and standards. In addition, | assessed different neigh- 
borhoods and houses through ethnography and mi- 
croclimatic walking in order to have a sensory experi- 
ence of their thermal qualities, and also examined 
photographic material. Through this diversity of ma- 
terials, | was able to assess how standards relate to 
political and economic transformations in the city as 
well as how they are being implemented in everyday 
practice. 


1. Climate and Energy Transition in Santiago 


The city of Santiago de Chile is built in something like 
a bowl, the "Santiago basin,” that reduces airflow. 
Indeed, the two mountain ranges, the Cordillera de la 
Costa in the west and the Cordillera de los Andes in 
the east, block the winds going in and out of the city. 
This results in bad ventilation conditions and a super- 
ficial thermal inversion in the first tens of meters, thus 
affecting the capacity to remove pollutants from the 
basin—particularly during the city's cold period. 
However, the urban climate is also influenced and 
changed by the actions of the city's citizens, their mo- 
bility and settlement patterns. At the urban scale, itis 
evident, too, that the number of green spaces is sig- 
nificantly lower in the outskirts and poorer districts of 
the city—a circumstance that also affects these areas' 
temperatures, which tend to be higher given their 
large amounts of “asphalt-covered” ground. 


1.1 Thermal Standards versus Social Norms 


As regards thermal comfort, the norm is partly de- 
fined by technological innovations that control indoor 
temperature and humidity.*** Since the mid-20th 
century, indoor climates in many parts of the world 
have been transformed by the use of efficient materi- 
als, products, and appliances such as air conditioning 
and central heating. Thanks to structural improve- 
ments in the building envelope, the indoor climate can 
be better regulated, which leads to new norms of 
comfort. However, thermal practices, those various 
strategies one uses to cope with climatic conditions, 
also depend on socio-cultural expectations as to what 
a comfortable house means. In addition to scrutiniz- 
ing standards and their impact on built structure in 
Santiago, this chapter juxtaposes them with social 
norms. The norm represents what is commonly ac- 
cepted as comfortable, with thermal standards either 
challenging or reinforcing norms. In addition, the 
norms associated with the creation of a favorable 
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International 
Developments 


Government in 
Chile 


National 
Developments in 
Chile 


Building projects 
mentioned in the 
chapter 


1970: 1987: 
Global Oil Crisis Brundtland 
Report 
1965-70: 1973-90: 
Frei Montalva Augusto Pinochet 
1970-73: 


Salvador Allende 


1953: 1965: 
Establishment of CORVI Establishment of 
(Corporación de la MINVO (Ministerio de 
Vivienda / Housing Vivienda y Urban- 
Corporation) ismo / Ministry of 
Housing) 
1950: 


population growth 
and lack of housing 


services 
1953-65: 1960-64: 
UV Providencia Villa Olímpica 
1954-65: 1965-69: 
UV Portales Villa Frei 
1960-70: 
Bloques 1010/1020 


1950s 1960s 1970s 
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1977: 

Norm 1079: 

Aquitectura y construción, 
zonificación climáti- 
ca-habitacional y recomen- 
daciones de diseño arqui- 
tectónico (INN/ISO) 


1979: 
Deregulation of land and 
rising real-estate prices 


1980: 
Vivienda Tipo C 


1980s 
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1990: 2006: 


BREEAM Establishment of BRE 
Global (Building Research 
1993: Establishment) 
LEED 

1994-2000: 2010-14: 

Eduardo Frei Ruiz-Tagle Sebastian Piñera 
1990-94: 2000-6: 2014-18: 
Patricio Aylwin Ricardo Lagos Michelle Bachelet 

2006-10: 
Michelle Bachelet 
2000-14: 2010: 


National Thermal 
Regulation (First 
thermal regulation in 
Latin America) 


PDAs (Planes de 
Descontaminación 
Atmosférica / 
Atmospheric 
Decontamination 
Plans) 


1997: 

COPEVA 

houses had to be wrapped 
in plastic to resist rainfall 


1990s 2000s 


Chile becomes member of 
the OECD (Organisation for 
Economic Co-operation 
and Development) 


2014: 

Code for 
Sustainable 
Homes in Chile 
(collaboration 
Chilean Ministry of 
Housing and BRE) 


2010: 
LEED Street 


2010-14: 
Lo Barnechea 


2010: 
Transoceanica Building 


2012: 
Costanera Center 
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Overview of housing developments 

in Chile in the context of local and 
2010s global events. 


Santiago de Chile 73 


thermal environment can, indeed, differ from the ob- 
jectives of a standard. 


Actors 


While the standard is aimed at performance, the norm 
describes users' practices and expectations. It is this 
gap between standardized solutions and nuanced 
practices that | will scrutinize. While the standards 
embedded in the regulations state the U-values for 
every building element, the implementation of the 
right elements is another issue. When analyzing the 
creation and use of a standard or a certification 
scheme, we must not only look at the standardizing 
institution but also at the entire building sector and 
the actors involved in it—for example, the building pro- 
fessionals' associations, the manufacturers, construc- 
tion companies and homeowners. By analyzing how 
these actors import global standards in construction 
processes, | aim to outline “where systems and ideas 
originate, [...] what messages they carry with them and 
[...] how these are constructed and reconstructed 
through local processes of appropriation.” 


My main hypothesis is that regulations and standards, 
rather than being fixed, are subject to interpretations 
over their many stages of existence. They are not “ 
out there,” waiting to be used, but are, instead, being 
constantly manipulated and changed by different 
actors who ascribe them value in their usage. 
Standards must not be categorized as merely 
technical-scientific artifacts, because they also de- 
pend on localized practices, the available products 
and materials, the builders' skills and design, as well 
as the building culture into which they are inserted. 
Indeed, in the case of technical specifications or rec- 
ommendations, the rule cannot be separated from the 
way it is applied in a particular context. There are in- 
numerable ways for architects to design and build 
with the same standard, no matter whether a manda- 
tory or a voluntary standard. Standards are incorpo- 
rated into the built environment by the architects and 
builders who rely on the laboratories and bureaucra- 
cies that issue those standards. Based on my empiri- 
cal data, | argue that thermal standards are socio- 
cultural artifacts which must be investigated as such. 


Santiago de Chile is an appropriate place to study the 
frictions between standards and norms given its cli- 
matic characteristics, the socio-economic stratifica- 
tion of housing, and the wide diffusion of international 
thermal standards such as LEED. Since the mid- 
1990s, Chile has experienced economic growth ac- 
companied by rapid urbanization. Indeed, some 

90 percent of the population in Chile lives in urban 
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areas.” Almost 40 percent of the national popula- 
tion resides in Santiago. This urban population den- 
sity results in a growing energy demand, in turn 
causing environmental threats such as the air pollu- 
tion that is found in many other cities of the Global 
South. In addition to urban sprawl, housing policies of 
the second half of the 20th century shaped the variety 
of thermal environments we find in Santiago. From the 
1960s onwards, state construction of residential 
buildings aimed to reduce the housing deficit as more 
and more people migrated to the capital (Santiago's 
population was 1,400,000 in 1952 and 2,860,000 

in 1970). 


Policies 


Housing policies differed widely during the demo- 
cratic governments of Eduardo Frei Montalva (1964- 
70) and Salvador Allende (1970-73) and the subse- 
quent dictatorship of Augusto Pinochet (1973-90). 
Before the coup d'état in 1973, housing policies con- 
sidered dwelling a right, with the understanding that 
the state acts as a provider of this right. The basic 
idea was that, through public projects, the state 
should offer access to a house for the majority of the 
population. Many of those projects were oriented to- 
wards modernist ideas of architecture, standardiza- 
tion and mass production. When Pinochet came into 
power, the production of houses was increasingly rel- 
egated to the private market. ^? Pinochet worked 
hand-in-hand with neoliberal economic policies, 
which had a large impact on long-term urban devel- 
opment. The deregulation of land in 1979, as well as 
rising real-estate prices, caused the relocation of 
many poor families to the peripheries of the city. From 
an economic point of view, Pinochet's housing poli- 
cies are still considered successful. ^? Indeed, since 
the 1980s, the so-called "Chilean housing model" has 
even been taken as an example by other Latin 
American governments, including those in Colombia, 
Mexico and Costa Rica. 


At the beginning of the 1970s, state agencies linked 
to the field of housing design and production evalu- 
ated and assessed the environmental conditions of 
governmental housing projects from a qualitative per- 
spective. These investigations focused on the thermal 
performance of buildings, including aspects such as 
heat losses and gains, thermal inertia, acoustic insu- 
lation, natural lighting, solar radiation and the durabil- 
ity of building materials. 
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Thermal quality slowly entered the debates, but these 
analytical research projects were abandoned abruptly 
in the mid-1970s. The dictatorship transformed the 
state into a mere demand-manager and subsidy- 
provider.“““ This led to a growing deterioration in res- 
idential quality, while building stock should, in fact, be 
considered a basic governmental non-renewable re- 
source—a significant example of financial, physical 
and cultural capital.“ Housing construction suffered 
a decrease in quality as regards environmental condi- 
tions in and around dwellings. While considered ex- 
treme, a case that raises awareness of the housing 
crisis at that time would be the “COPEVA” houses, a 
name that derived from the real-estate company that 
developed them and tried to lower costs by all possi- 
ble means. In 1997, these houses, inhabited by the 
lower middle classes, had to be wrapped in plastic 
during rainstorms given their deficient construction 
and leaking exterior walls. 


The Chilean model of housing policy, which is based 
on individual financing and neoliberal methods of de- 
velopment, played a partin practically eradicating 
slums. Yet, immigration led to an enormous urban 
sprawl and social segregation, with many families re- 
locating to the urban peripheries.“““ When overlaying 
the locations where socio-economically weaker 
groups live with climatic data, we can see that people 
from the most vulnerable groups are the ones living 
in zones facing episodes of extreme heat, including 
urban heat-island effects. The urban climate is partly 
related to topography and the specificity of 
Santiago's layout. 


12  Chile's National Thermal Regulation (RT) 


Chile stretches across 38 degrees of latitude from 
Patagonia in the south to the Atacama Desert in the 
north. According to the Koppen climate classification, 
the country hosts at least seven climate subtypes, 
with Santiago falling into the Mediterranean climate 
category with its dry summers and wet winters. 
Climatologists established the country's climatic zon- 
ing in the 1970s, serving as a starting point for the 
regulations of heating and cooling across the country. 
One of these experts underlined the fact that such 
zoning represented a great opportunity for develop- 
ing passive means of climate control in the building 
sector for each region: “A single building would no 
longer be built the same way on the coast or in the 
mountain range, in the north or in the south, as it is 
today. The life cycle of the buildings would be ex- 
tended, their maintenance costs reduced, savings 
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would be made on expensive air conditioning, which is 
usually installed from the central area northwards, 
and also a considerable amount of fuel and heating 
devices in the center and in the south." ^" From an 
energy perspective, the beginning of the 1970s was 
an important period because petrol shortages 
thwarted exponential growth. The global oil crisis 
raised awareness of ecological concerns that were 
related to the impact of industrialized societies. 
Thirty years later, in 2000, the climatic zoning be- 
came the foundation for the issuing of the RT 
(Regulación Termica, National Thermal Regulation). 


“Furnaces” and "Ice Cubes“ 


Studies have shown that both air pollution in winter 
and the heat-island effect in summer, reach alarming 
figures.**” Heating demand in the region of Central 
Chile, where Santiago is located, for example, is at its 
highest for four to five months (May to September) 
due to the cool nights. During the winter months, how- 
ever, itis sometimes colder inside than outside be- 
cause many apartment houses lack heating systems. 
Only some buildings (primarily office premises) have 
installed hot-water pipes that circulate through ceil- 
ing and floors, thus generating ambient heat. How- 
ever, most buildings are constructed of reinforced 
concrete and have little or no insulation. Dwellings 
perform particularly badly as regards airtightness, 
resulting in major heat losses. ^? The main heating 
strategies used in this region are gas-burning stoves 
(kerosene, paraffin, liquid gas). Poorer households 
use wood, creating an even more precarious smog 
situation in those neighborhoods. ^? Carbon monox- 
ide emissions are a major health concern with gas 
heaters. What is more, poor ventilation can cause the 
air quality inside the home to be worse than outside 
on the street. 


In Santiago, growing energy consumption started to 
manifest itself in the increasing occurrence of smog. 
Throughout Chile, the primary cause of air pollution is 
a combination of wood-fired heating, lack of smog 
filters and poor insulation. On the one hand air pollu- 
tion has severe health implications. On the other hand, 
it affects the economy, as the city more or less "shuts 
down" during alarming pollution peaks. Cities in 
southern Chile, such as Temuco or Osorno, which suf- 
fer from high air-pollution levels, have enacted strict 
regulations, such as atmospheric decontamination 
plans (PDA in Spanish). While that is a step forward, 
the PDA have still not been adopted on a national 
level, such that Santiago continues to suffer from air 
pollution on a regular basis. Moreover, similar to the 
RT, which considers only the cold winter situation, the 
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Aerial view of 
Santiago de 
Chile, taken in 
October 1973 a 
few weeks after 
the coup d'état, 
when the sky was 
still clear (in con- 
trast to nowa- 
days) and the 
Moneda presi- 
dential palace 
was still smoking 
due to its bomb- 
ing (in the 
bottom-right 
corner). 


PDAs target the specific problem of particulate- 
matter pollution, but fail to consider the urban climate 
as a whole, complex phenomenon that is embedded in 
a political and economic context- clearly illustrating 
the shortcomings of the regulation to engage with cli- 
mate control. 


Most of the dwellings in Santiago are built either of 
brick masonry or concrete. Due to poor insulation, 
many of the homes and buildings are, in the common 
adage, “a furnace” in summer and “an ice cube” in 
winter. This is related to the harsh climatic situation of 
daily oscillation in Santiago—for example, of up to 
18ºC between day and night all year around. The tem- 
perature fluctuation is tempered by high energy con- 
sumption for cooling or heating. This problem was al- 
ready identified in 1967 when Rodriguez wrote: “there 
are buildings that in the cold season spend huge 
sums in central heating, while in summer their tem- 
peratures reach the maximum outside." ^? Rodriguez 
concluded that the main reasons for this situation lay 
in the building construction-namely, in the extensive 
use of glass; the replacement of wood by metal; the 
use of walls, partitions, ceilings and floors of thin ma- 
terials; and the lack of legislation that specified and 
required acceptable minimum insulation. 


Thermal Regulation 


After the country's return to democracy in 1990, 
Santiago's urban climate, the state of the art in con- 
struction, and the need to conserve energy drove the 
development of implementing a minimum level of in- 
sulation. In 2000, following the global trend for green 
building, Chile introduced the first thermal regulation 
in Latin America. This RT, conceived in three phases, 
was based on US-American standards issued by the 
ASHRAE (American Society of Heating, Refrigerating 
and Air-Conditioning Engineers). The first regulation, 
in 2000, prescribed roof insulation. The second, in 
2007, was a reaction to the energy shortages in 2005 
and regulated the insulation of walls, floors and win- 
dows for all new dwellings. In the third phase, begin- 
ning in 2014, a certification system for energy perfor- 
mance in housing was developed, but dropped shortly 
after its announcement. 


The main objective for introducing regulations such 
as the RT is to guarantee efficiency through an as- 
sessment of the building's performance and the con- 
trol of the energy flux between its interior and exte- 
rior. Thermal standards are linked particularly to the 
improvement of the building envelope, inasmuch as 
each element's heat-transfer value is specified. In 
Chile, the number of heat-degree days influences the 
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strategy to attain minimum requirements. With the re- 
duction of the building's energy consumption as the 
goal, the focus goes primarily to avoiding heat losses 
while maximizing gains. While the RT aligns with con- 
temporary standards for building insulation, 90 per- 
cent of buildings in Santiago were built prior to 2000. 
They were thus constructed before the legally bind- 
ing regulation was implemented, and even those built 
later often fail to comply with the law due to a lack 

of control or resources. In actual fact, the regula- 
tory thermal requirements are so low that they can be 
achieved without the use of any insulation materials, 
which calls their very relevance into question. 


Energy efficiency in housing began to be considered 
again in the 2010s. This was partly because of exter- 
nal causes regarding the country's energy security. 
Chile's electricity system is highly dependent on im- 
ports: 78 percent of gas, in fact, is imported—mainly 
from Argentina. When, in 2004, Argentina stopped 
delivering gas owing to its economic crisis, Chile had 
to suddenly shift from gas to oil and started investing 
in liquid natural-gas import facilities from, for exam- 
ple, Indonesia. These transitions in the energy market 
led to a rise in electricity prices.*°* While they 
boosted the development of diesel- and coal-fueled 
power plants in Chile, they also placed energy saving 
at the center of preoccupations.””“ At a transnational 
scale, the OECD (Organisation for Economic Co- 
operation and Development) put pressure on Chile to 
improve its energy sustainability with a report issued 
in 2005. Indeed, after becoming a member of the 
OECD in 2010, Chile was forced to comply with the 
energy standards of other OECD countries. 


So far, the regulation and standardization in 
Santiago's building sector has only addressed some, 
but not all, relevant aspects: orientation or vegeta- 
tion, for example. When the standard of the RT was 
defined in 2000, only ideal cases of orientation and 
location were analyzed. The RT is based on selected 
representative building types in order to calculate 
the standards’ performance indoors. Even collec- 
tively, these standards fail to encompass the reality 
of the urban fabric—nor do they include the neigh- 
borhood scale. Although the RT embeds some di- 
rectives about public space, it seems that the design 
of urban spaces only comes after the house is con- 
structed. Further, the RT primarily focuses on the win- 
ter months by specifying resistance values (U-values) 
for materials. Overheating during the summertime is 
barely addressed. This becomes problematic, as cli- 
mate change predictions suggest that Santiago will 
become even hotter and drier in the coming decades. 


78 


"n ma À ILIA E i: 


~o” > 


La Pintana district: low-rise, high-density dwelling 
patterns in a poor district in the south of Santiago. 
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COPEVA houses, wrapped in plastic during 
rainstorms given their deficient construction 
and leaking exterior walls. 
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COPEVA houses. 


The RT hence underestimates summertime-effects 
and an update is long past due. 


In general, standards of any kind are not neutral, but 
they emerge from the interaction and considerations 
of different actors. In this case, itis the assessment of 
the climatic situation by human actors that shapes the 
definition of the thermal standards. Relying on ideas 
of ANT (Actor-Network-Theory), the context is not 
something “out there” but rather that “actors— 
through the circulation of forms and standards—con- 
textualize each other, not to do the work of “situating' 
the actors in an a priori context." ^^? As stated previ- 
ously, standards are not mere technical artifacts but, 
instead, are socially constituted. Different economic, 
political, architectural, social and cultural forces 
shape standards. An ANT framework helps in assess- 
ing all the human and non-human forces and powers 
at play in the creation and implementation of thermal 
standards, which often appear as "black boxes"—dif- 
ficult to dismantle and study. In the controversies that 
follow, the rational side is hardly the winner, while 
nontechnical aspects are dismissed or taken as ab- 
normal divergences. Yet, all aspects are crucial in re- 
vealing the standards' widest possible outcomes with- 
out favoring one sphere or domain over another. Their 
whole architectural, political and socio-cultural impli- 
cations are taken into consideration and revealed. 


2. The Urban Environment through the 
Lens of Thermal Standards 


The following three case studies deal with thermal 
standardization in Santiago in different ways—namely, 
as regards public spaces in collective housing (2.1), 
voluntary green labels in the business district (2.2) 
and microspatial self-building practices (2.3). The aim 
of this multifaceted approach is to learn about the di- 
versity and malleability of apparently objective ther- 
mal standards. The main objective is to understand 
the role that thermal standards play in shaping the 
mutual reactions between forms of climate control, 
urban morphologies and the city climate. The actors 
involved in implementing standards in the urban built 
environment range from the architect to the inhabi- 
tant, from the construction worker to the Ministry of 
Housing, from the local brick manufacturer to the 
transnational label agency. They all have different 
ideas on how certain standards improve thermal con- 
ditions indoors and outdoors. 
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2.3  TheClimate of Collective Housing: 
Green Public Spaces as Regulators 
of the Thermal Environment (1956-68) 


The first modernist architecture in Chile appeared in 
public-housing projects in the 1930s and 1940s. ^* 
Under the lead of the Caja de Habitación Popular 
(Popular Housing Fund, created in 1936), apartment 
blocks became a popular residential type that in- 
cluded semi-public spaces and passages between 
the house and the street, such as patios and court- 
yards.*”” While primarily aiming to improve commu- 
nity life, these green spaces also have climatic bene- 
fits—especially in today's dense city. The Caja set 
new standards in terms of technology, construction 
and urban planning, and also by incorporating mod- 
ernist ideas of hygiene into urban housing.*°° Around 
1943, the residential floorspace (36-100 m?); spacing; 
and the heights, location and orientation of the 
houses were determined to ensure favorable solar 
exposure and ventilation.*°’ Moreover, public spaces, 
density and width of the streets began to be 
regulated. 


At first, the government, influenced by the hygienist 
movement, categorized houses into "healthy" and 
"unhealthy" (even “unlivable” as described in the 
Decree-Law 261 of 1925), ^* while other categories— 
such as "thermally comfortable," “energy-efficient” or 
"environmentally-fit"—started to replace them later. 
The most prominent modernist housing projects were 
introduced in the 1950s and 1960s under the name of 
Unidades Vecinales (Neighborhood Units).^? These 
state-planned dwelling units were inspired by the ide- 
als of the garden-city movement. Selected through 
architectural competitions, they offered residential 
space for the population's middle class. The inclusion 
of green spaces was of particular interest in these 
collective housing projects. Those semi-public 
spaces opened up possibilities for communal activi- 
ties, and for mobility between the houses and the rest 
of the urban space. Considered from an urban- 
climate perspective, the green spaces were thermal 
environments that enabled ventilation and cooling of 
the neighborhood. 


Villa Frei as Housing Model 


The Villa Presidente Frei, colloquially known as Villa 
Frei, is one of those neighborhood units, and is of 
particular importance because it was a forerunner for 
many typologies that have since spread all over 
Santiago. Villa Frei resulted from an architectural 
competition and served as a model for many other 
constructions of CORVI (Corporación de la 


80 


Vivienda / Housing Corporation). The proposed 
housing complex is an excellent example of providing 
a favorable urban microclimate. The creation of such 
a beneficial thermal environment is based on archi- 
tectural solutions, including a park and using out- 
doors spaces, like loggias, as buffer zones. The 1964 
competition was won by Osvaldo Larrain, Jaime 
Larrain and Diego Balmaceda—three architects who 
graduated from the Universidad Católica. In their de- 
sign outline, they referred to the idea of the “neigh- 
borhood unit,” which had been theorized in the 1920s 
by American planner Clarence Perry but which be- 
came far more en vogue in the late 1950s. The neigh- 
borhood unit consists of an ideal number of 7,500 in- 
habitants who live in the same community. Basic 
services—such as playgrounds, creches and shops— 
are located in the center of the neighborhood. Perry 
outlines the fact that particular care should be given 
to open and green spaces, allowing all the users to 
enjoy them as much as possible.” The Villa Frei was 
planned in three sectors: one for the apartment build- 
ings in blocks and towers; one for the civic and shop- 
ping center, school, fire station and hospital; and the 
last, for single-family houses. There are several hous- 
ing types in the apartment section-namely, simplex 
and duplex blocks (four to five floors), towers (ten to 
fifteen floors) and single houses (one to two floors), 
all made of a concrete structure with partitioning 
brick walls. 


The simplex block consists of four rooms organized 
around a central hallway. The balcony to the north and 
the loggia to the south function as exterior hallways 
that connect all rooms. The building is oriented on an 
east-west axis, with the living and bedrooms towards 
the north for optimum insolation. This orientation also 
permits ventilation as this façade is open along its 
width. The “humid zones,” including kitchen and bath- 
rooms, are relegated to the southern part of the 
apartment. 


The duplex block has the most recognizable features, 
with its exterior passages and the bedroom units over 
them. These blocks are oriented on a north-south 
axis. On the ground floor, the flats are directly acces- 
sible from outside. This allows inhabitants to appro- 
priate some outdoor spaces as private gardens, 
which, in turn, act as buffer zones between public and 
private spheres. 


The ten-floor tower contains four flats on each floor, 
each one composed of three bedrooms, two bath- 
rooms, kitchen and exterior loggia. Similar to the sim- 
plex block, the living room, and two bedrooms open 
towards the exterior and share the loggia as passage. 
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The tower of fifteen floors is almost identical to the 
ten-floor tower. 


The one-floor house has a similar plan to that of the 
simplex blocks. In addition, a wall between the side- 
walk and the front lawn acts as a filter between the 
inside of the house and the outside of the compound 
space. As itis made of bricks and was quite easy to 
demolish, many owners decided to get rid of it and 
extend their personal gardens. 


The two-floor house hosts apartments of four bed- 
rooms, one living room, kitchen and two bathrooms. 
Two of the bedrooms have large balconies, similar to 
the passageways of the duplex blocks. Often, having 
been converted into indoor spaces, these balconies 
are used as extensions of the bedrooms. Structurally, 
the house is supported on its perimeter, which allows 
for great flexibility with interior wall partitions. 


An extensive park links the three sectors and the dif- 
ferent volumes, functioning as the “backbone” of the 
whole housing complex. Even today, inhabitants of 
Villa Frei mention the park space as a plus in the cre- 
ation of a comfortable environment and express their 
appreciation for the green spaces. Hetty van El, an 
inhabitant aged 57, outlines that: “For me, the Villa 
represents a space of togetherness that you do not 
see a lot in Santiago, with green areas that allow for a 
healthy and quiet life. This demonstrates that in those 
times such dwellings and spaces of quality and mo- 
dernity could be created.”“““ Another inhabitant, 
Hugo Tapia, aged 58, says: “It [the Villa Freil is a life- 
style. lt has a strong concept of neighborhood, with 
constructions of good level and the presence of na- 
ture in the surroundings, creating a nice and pleasant 
environment. An oasis, a green lung for the city.” 


Of particular interest is the fact that many of the gar- 
dens were administered by the inhabitants them- 
selves, who got together to organize, take care of and 
upgrade the green areas. Gatherings of inhabitants in 
each housing complex would identify where open col- 
lective spaces could be improved, in order to “make 
the Villa greener every day.”“““ The integrated park 
was meant to be traversed and enjoyed by pedestri- 
ans even from outside the neighborhood. Unlike other 
residential compounds in Santiago, Villa Frei was not 
enclosed by metal gates. 


In 1969, Villa Frei was extended with standardized 
buildings known as Bloques 1010/1020 (Blocks 
1010/1020), developed by CORVI architects. This 
model consisted of a simple concrete structure of 
slabs with masonry walls. Such buildings had three 
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Aerial image of 
the entire first 
stage of Villa Frei 
(1964-68), upto 
Jose Maria 
Narvona street. 
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Villa Frei, section of a fifteen-floor tower. 
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Villa Frei, floor plan of a ten-floor tower, 
containing four flats on each floor. 
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floors and, unlike subsequent social housing, dis- 
played a construction quality that weathered the pas- 
sage of time well. The apartments are rather gener- 
ous in size, ranging between 47 and 55 m? for Block 
1010, and 66 and 75 m? for Block 1020. Constructed 
all over Chile with slight variations, they represent one 
of the most widespread housing types in Santiago. 
Designed as rational buildings, they used resources 
and materials highly efficiently. In Santiago, they of- 
ten enjoy a north-south orientation, which opti- 
mizes sunlight distribution for all flats. In Villa Frei, 
the blocks number the same as in the simplex type. 
The greatest discrepancy between the two types is 
the lack of any green spaces around many of the later 
blocks, which results in a less attractive environment. 


Another extension of Villa Frei was the Casa Modelo 
136 (House Model 136). More in line with the idea of 
paths and open spaces enjoyed by the rest of the 
complex, these houses also represent a popular 
dwelling model for many Chileans. In the 1980s, other 
block buildings, known as Vivienda Tipo C (House 
Type C), adopted the same construction type. These 
were built in the urban peripheries, where land was 
cheaper. Similar to Blocks 1010/20, House Type C 
also lacks green space and provides only a minimum 
of habitability and comfort, offering no insolation 
whatsoever. Although these public-housing projects 
were constructed at a time when no national legisla- 
tion for thermal comfort was in place, the emphasis on 
outdoor spaces shows an awareness of how buildings 
and urban space can be brought together in a cohe- 
sive way. 


Legislation and Morphology 


As regards modernist housing complexes, we must 
consider the relationship between the legislative and 
the morphological. The Ley de Propiedad Horizontal 
(Law of Horizontal Property) sets the legal definition 
of the collective space, including the rights and duties 
of tenants. Without defining their morphology in de- 
tail, the law stipulates that “common spaces” are nec- 
essary for the “existence, security and maintenance 
of the building.”*°° Such spaces include not only 
green areas, but also the semi-public spaces of the 
patios, gangways, lobbies, etc., and are regulated 
through co-propriety agreements. In Villa Frei, for ex- 
ample, the repetition of housing blocks allowed the 
architects to free up the land between, which was 
then used to design common outdoor spaces. The 
green spaces there provide thermal qualities (such as 
shading, or cooling via evapo-transpiration), a smooth 
transition between outside (the traditional public 
space) and inside (the flat or domestic realm), as well 
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as a collective space for the inhabitants and friends to 
enjoy. Most of the Villa Frei's green areas have been 
preserved as per their original design to this day. 
However, green spaces in other neighborhoods con- 
structed in the same time period have been built 
over—as is the case with the Unidad Vecinal Portales. 
While the municipality supported 80 percent of its 
land being conserved as public/green area, ^* many 
spaces among the blocks of UV Portales have been 
used for the construction of smaller one-floor units 
rather than as connection and recreation areas. At the 
same time, those spaces can no longer be used by all 
members of the community. As such, the increase in 
housing demand over time has affected the availabil- 
ity and use of public spaces. It is here that legislation 
and morphology can collide—the latter, being im- 
posed over time, altering the former. 


Tracing the historical development of residential 
complexes using the example of Villa Frei demon- 
strates the thermal relevance of outdoor spaces be- 
yond the built structures. These freely accessible 
spaces constitute an urban commons, and support a 
sense of community through the partial participation 
of residents who care for these spaces. Since the 
1980s, the focus of residential construction has gen- 
erally been on providing the building rather than its 
surroundings. For real-estate companies, open 
spaces are neither affordable nor profitable in con- 
temporary Santiago. Public space is, rather, seen as 
negative space, a "leftover" once the building has 
been placed on the plot in a way that fulfils the neigh- 
borhood's density requirements. Land values are key 
in the site selection. If the building contains environ- 
mentally fit features—such as natural ventilation, sun 
exposure, passive heating and cooling systems-it is 
often at the expense of a good location and public in- 
frastructure. This results in half-measures, wherein a 
building might perform quite efficiently in terms of 
coping with standards, but fails to react to its sur- 
rounding climatic and microclimatic conditions. In the 
modernist housing complexes, the idea of the "neigh- 
borhood unit" offers some coherence for the grouping 
of buildings. Today, some of these modern complexes 
are regarded as worthy of conservation and preserva- 
tion for the sake of aesthetics, "style" and community. 
Even if these settlements often have an "urban island" 
character, they represent key pieces in the built fabric 
of the city—both as consolidated communities and as 
socio-cultural residential patterns. Some experts 
would also consider Blocks 1010/20 worthy of a heri- 
tage citation. As outlined, they were reproduced many 
times all over the country. In total, more than 2,000 
Block1010/20 typologies were built all over Chile. 

It is precisely this feature of reproducibility that 
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makes them key candidates for re-evaluation and ad- 
aptation to newer urban and environmental condi- 
tions. Their construction quality was higher, and 
apartment layouts, more generous with regard to floor 
space, than models in the following decades.” The 
blocks can be configured in various ways to form ur- 
ban ensembles. Planners often consider topography 
and context when grouping blocks together. In some 
places, Blocks 1010/20 are used to enclose the par- 
cel of land that they occupy—forming, at its center, a 
sort of semi-public, inner space for the community.*°° 


In conclusion, public housing in Santiago shifted from 
an avant-garde solution influenced by the ideas of 
international modernism in the 1960s to a more stan- 
dardized model in the 1980s and 1990s, at which time 
Chile embraced neoliberal policies that subjected 
housing production to land-market mechanisms. 
Consequently, house designs faced a simplification 
and lost some beneficial attributes that they had en- 
joyed hitherto. With land maximization as one of the 
priorities of the privately led projects, for instance, 
public spaces and green areas have diminished. The 
case studies in this section have outlined the manifold 
interactions between urban features, property law 
and the collective appropriation of spaces that inter- 
vene in the creation of beneficial thermal 
environments. 


2.2 The Climate of the Business District: Voluntary 
Thermal Standards Imported by International 
Companies (2000-20) 


Since the 1990s and the development of 
sustainability-certification labels and schemes, 

such as the pioneer BREEAM from the BRE (Building 
Research Establishment) and the later emerging 
LEED, we have witnessed a rise of “green capitalist” 
approaches towards sustainability in general,“'” and 
energy efficiency in particular. Popularized at the 
"Earth Summit" in Rio de Janeiro in 1992, this growth- 
oriented strategy did successfully foster innovation 
and engage changes towards the vague objective of 
ecological sustainability. However, in the design and 
building arena, the trend went in the direction of pri- 
vatization of urban development, since market effi- 
ciency and service delivery essentially dominate the 
discussion about concerns of ecological sustainabil- 
ity, democracy or social justice.' These market- 
based systems function as a "set of principles”? 
that fail to consider equity or societal differences. 
When environmental issues began to be discussed 
globally at the end of the 1980s (triggered by the fa- 
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mous “Brundtland report” in 1987), sustainable devel- 
opment was considered compatible with economic 
development. In the 2000s, this led to an urban plan- 
ning that integrated “green solutions” such as green 
roofs; dense and compact planning; energy-efficient, 
high-performance buildings; and the reuse of existing 
infrastructure. The “neoliberal city” incorporated the 
goals of the “sustainable city.” 


Score sheets for LEED-certified Buildings 


Since the turn of the 21st century, Santiago, like many 
cities worldwide, started to certify buildings for en- 
ergy efficiency with global standards. In order to ana- 
lyze how global standards, local norms and expert ac- 
tivities intervene in constructing buildings, | here 
focus on the Avenida Apoquindo, which | call “LEED 
Street” because almost every building on the avenue 
is LEED-certified. LEED Street is located in the north- 
east of the city towards the Cordillera. This area has 
developed over the last 20 years into the new Central 
Business District, slowly replacing the former city 
center in the historic part of Santiago. The new 
Avenida Apoquindo shows the effect that LEED certi- 
fication has had on the city climate at the district level 
and on the livability of the street. 


The growing number of LEED certifications in 
Santiago is related to the neoliberal path taken by the 
city in its expansion and land use with the return to 
democracy in 1990.' The labeling of individual 
buildings is used by the developing companies to 
communicate a certain image of themselves, a corpo- 
rate identity. This reflects a global trend of urban 
green marketing in the last few decades, and it calls 
into question the actual relevance of green certifica- 
tion for the regulation of thermal environments. 
Looking behind the façade of LEED building certifica- 
tion reveals the way in which technical choices rely on 
factors of culture and politics. 


All the buildings on LEED Street that received a certi- 
fication from the label-issuing institution, the US 
Green Building Council, have a “scorecard.” This 
sheet summarizes how many points were earned in 
which category. The majority of buildings received a 
Silver or Gold certification; they scored between 50 
and 80 points out of 110. The eight categories for ob- 
taining points are quite diverse, and every building 
has its own strengths and strategies. One of the main 
features that buildings have to achieve is the use of 
an efficient window glass, one that lets enough light 
pass without excessive heat gain. This criterion is 
quite straightforward and easy to quantify, as it solely 
depends on the material's thermal-transmittance 
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value. Other criteria include how the building com- 
plies with minimum energy and indoor air-quality per- 
formance, or how it deals with waste management. 
Aspects like interior lightning, water-use reduction or 
thermal comfort add points to the score sheet. 
Thermal comfort per se is not a prerequisite, but in- 
door climate control figures prominently in most 
buildings. 


Through the diverse criteria, points can be obtained in 
different ways. In the most recent version of LEED 
(LEED v4, launched in 2013), the emphasis is on the 
design decision. For example, there are various op- 
tions for a project to reach “heat island reduction,” 
described as the intent “to minimize effects on micro- 
climates and human and wildlife habitats by reducing 
heat islands.”“'“ Option 1 suggests “non-roof mea- 
sures,” ranging from installing structures with plants 
to provide shade to energy-generation systems (or a 
combination of both) or using open-grid pavement 
systems. “Roof measures,” on the other hand, either 
mean the use of roofing material with a minimum 
solar-reflectance index or a vegetated roof covering 
at least 75 percent of the roof area. Option 2 focuses 
on parking spaces: a project can have parking lots 
under plant cover, which will, however, grant one point 
less than for Option 1. This is just a brief example of 
how the rating works. It gives priority to different ar- 
eas of a project that are not always related to one an- 
other. In the end, they are summarized for the final 
score. This does not really facilitate a transparent 
reading of what a building truly aims for or achieves in 
detail, but the result provides a score thatis compara- 
ble with those of other certified buildings. 


Implementing the Standards 


LEED Street partly depends on foreign investment. 
International companies use the location for the con- 
struction of office buildings due to its convenient ac- 
cessibility along one of Santiago's main roads and 
metro line, as well as the fact that it is a rather green 
area of the city. The good accessibility suits the cor- 
porate needs of these transnational firms. Following 
the same principles used elsewhere, another of these 
needs is the open-space typology. This led to the 
glass-facade building as the chosen type that best 
represents the idea of the neoliberal city. These uni- 
form buildings are the physical form of a free-market 
ideology, with the curtain wall being now partof a 
global aesthetic*”” and a symbol of political power. 


Being aware of glass as the leading materiality of 


buildings along LEED Street helps to understand the 
use of LEED certification as a means to label these 
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arto DO Vivienda Tipo C in Bajo de Menas, Puente Alto. These 
54 blocks of three to four stories (Type C) by the Housing 
Block 1010/20, in La Florida district. Corporation/Ministry of Housing became the most 
recurrent typology in the social-housing programs 
from the 1980s onwards in Chile. 
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Green courtyard spaces 
have been built over in 
Unidad Vecinal Portales 
(1954-65). 


Santiago de Chile 87 


buildings' energy performance. Indeed, using glass 
facades in Santiago's current urban climate means 
having the resources to finance the huge amount of 
energy needed for cooling. For indoor comfort, these 
high-rises require active systems of climate control to 
mitigate the solar gain they receive during most days 
in Santiago. | elaborated above that the RT has been 
developed based on the winter climate; the excessive 
use of glass makes little sense during the hot sum- 
mers, especially when considering the future climate 
scenarios of Santiago with increasing and more ex- 
treme episodes of drought and heat waves. 


The following two examples of LEED-certified build- 
ings show the interrelations between transnationally 
traveling standards and local implementation when it 
comes to the application of technology for indoor cli- 
mate control. International standards and certifica- 
tions schemes are generally conveyed by investors or 
private companies willing to implement them in their 
offices or housing projects. Their voluntary nature 
means that the effort required to integrate them into a 
design must bring clear rewards and values. For the 
certification process, companies rely on qualified and 
experienced workers. 


Costanera Center: this complex is located atthe 
west-end part of LEED Street close to the Mapocho 
River and the Titanium Park. It is the tallest building 
and the largest shopping mall in Latin America, and in 
addition to the mall building it has two office towers. 
The Costanera Center, constructed in 2012, has a 
green roof of 30,000 m? on the sixth floor of the en- 
semble; it serves to combat the overheating of the 
towers through thermal radiation. The indoor environ- 
ment is controlled via a central air-conditioning sys- 
tem using water-cooled condensing units with heat 
recovery functioning with water from the nearby ca- 
nal. This high-tech system of climate control rep- 
resents a common solution for high-rise buildings all 
over the world. The building owner, Cencosud, hired 
“Daikin Air Conditioning Chile, S.A.” for the installa- 
tion of the conditioning system and its service. Daikin 
is the Chilean branch of the well-known Japanese 
multinational HVAC (Heating, Ventilation, Air- 
Conditioning) manufacturing company. The dissemi- 
nation of standards such as LEED is often backed up 
by such big companies, which have accumulated ex- 
perience in the field and become leaders in achieving 
certification for their customers. At the Costanera 
Center, the development of the whole energy system 
was realized by a team composed of representatives 
of Daikin Chile, Daikin Japan, Cencosud's own techni- 
cal team, a consulting firm and a Santiago-based en- 
gineering office. These experts from different coun- 
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“LEED Street” Avenida Apoquindo, 
aerial view looking towards the east 
and the Cordillera from the viewing 
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LEED Street, Nueva Manquehue Building. 
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platform of the Gran Torre Santiago. bus 
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LEED Street/Calle Apoquindo, aerial view 
looking towards the west and the city center. 
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Interior space of the Transoceánica 
Building, Santiago. 
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tries exchange knowledge and practices using the 
LEED requirements and standards as their “common 
language.” For the actual installation, the tenant was 
responsible for connecting the pipes in the rooms to 
the central machinery provided by Daikin Japan. ln 
practice, the tenant decided that the indoor condition- 
ing had to be adjustable for different occupancy pat- 
terns and users. Therefore, temperature in each room 
is individually controllable. 


The Transoceanica Building in Vitacura, Santiago, is 
the headquarters of the eponymous firm, whose en- 
ergy concept was designed by an engineering office 
in Germany, “Bohne Ingenieure.” During the design 
process, it was decided to aim for “LEED Gold” certi- 
fication. To reach this objective and make sure the 
construction would follow the principles planned by 
the German engineers, the contractor hired German 
workers who came to Chile for the sole purpose of 
constructing this building. The “social network” of this 
building thus reaches far beyond its local context, 
with its whole design-and-construction process being 
outsourced to a European company. Such transna- 
tional alliances are quite common in today's global- 
ized architectural practice. Nonetheless, this model 
also reveals how the voluntary certification scheme, 
instead of supporting the use of fewer and more local 
resources and energy-efficient building, can in effect 
be energy- and cost-intensive by involving different 
actors from a variety of places. 


An analysis of LEED certification processes reveals 
innumerable intermediate steps that must be taken 
between the decision of implementing a standard as 
written rule that forms a corpus of technical specifi- 
cations and the realized built object, which might be 
called an assemblage of all these specifications. 
Along the way, things are added or subtracted but 
nevertheless often act unforeseeably upon the final 
expression of the standard. Decisions and practices 
can be of a material nature—for instance, in the use of 
a product that did not exist before or was not accessi- 
ble. Additionally, as is very much the case in Chile, a 
qualified workforce is not always available—such that 
adaptations and apprenticeships are frequently 
needed to reach the execution of the standard. 


In interviews, some architects mentioned the different 
time horizons they had in mind when discussing the 
energy concept and overall quality of a project with a 
real-estate or construction company. The developers 
often asked how long it would take to elaborate an 
improved quality in design. When the architects said it 
might take a year, or even two, to have a fully fledged 
and well-rounded design solution, the developers al- 
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most laughed and told them they were not interested 
because projects usually have to be finished in five to 
six months.“”” The time factor and pressure to re- 
spond to market demands can clearly intervene in the 
implementation of the standards. 


Indoor/Outdoor Separation 


Along LEED Street, one glass-façade building sits 
next to another. This creates a kind of regular pattern 
all along the way, climbing towards the east and the 
mountain range. The buildings are arranged along a 
wide street where the asphalt surface gets very hot in 
the summer months from December to March. These 
buildings seem to be cut off from their immediate sur- 
roundings, creating well-protected indoor spaces. 
Many of the buildings along LEED Street have a 
free-standing character due to the relatively low-rise 
surrounding built fabric. The area along the street 
does not invite pedestrians to stay, as car lanes are 
quite wide and traffic intense. Car and speed prevail 
over body and immobility. Pedestrians are left ex- 
posed to the weather and the strong winds when 
walking along the wide space of the thoroughfare. The 
true character of LEED Street is that life happens in- 
side the buildings rather than on the street itself. This 
contrasts with other areas of the city, which are usu- 
ally crowded with people (such as Plaza de Armas in 
the city center, or Pio Nono Street). On LEED Street, 
the private/public and inside/outside divide is 
sharper and has less threshold as one moves east- 
wards. At the end of the street, residential housing 
starts to take over from office buildings, but still in a 
more or less clear withdrawal from the public space. 
These private houses with gardens, hidden behind 
gates, complete the cityscape around LEED Street. 
The two contrasting building types (high-rise glass 
building and low-rise dwelling) create a kind of com- 
partmentalized thermal condition, and a fragmented 
environment. 


The area around LEED Street offers far more green 
space than the rest of the city does, and so contrib- 
utes to a thermally beneficial environment. Moreover, 
compared with the densely overbuilt regions of the 
city covered by asphalt and pavement, it provides 
cooling effects from the vegetation. However, most 
transportation is in private cars, leaving few enjoyable 
spaces for pedestrians outside of the designated 
parks. Besides office buildings, exclusive high-rise 
flats and condominiums are available for those who 
work in the area. Pockets of green space and larger 
parks like the Parque Titanium, a four-hectare park at 
the foot of the three LEED-certified Titanium towers, 
or the nearby golf course offer some green spaces 
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between the buildings. The heat is felt most among 
the buildings, whose glass facades produce heat by 
reflecting the sun. Some projects combat the heat 
with green facades like the “Consorcio building,” de- 
signed and built in 1993. This heat-mitigating strat- 
egy, however, has been used only sparsely for office 
buildings in Santiago to date. 


Navigating LEED Street and learning about its mor- 
phological and physical aspects, as well as describing 
the professionals who shape it, has already provided 
a glimpse into the working of a certification scheme 
with regards to thermal environments. Even if such 
certification schemes have some positive effects on a 
building's energy efficiency, their voluntary nature 
and checklist system often make them merely a mar- 
keting tool. The energy-efficiency effect of LEED is 
indisputable, but its relationship to the local climate 
must be critically reviewed. 


Outlook 


LEED starts to make its way into national building 
codes and laws in some countries. In the US, for ex- 
ample, some municipalities demand that building 
projects reach a minimum of points in the LEED 
system, or that developers are at least able to show 
that their projects could be certified. ^? Voluntary 
certification schemes are not entirely isolated from 
local regulations, but influence them or are even 
incorporated into them. In Chile, the Ministry of 
Housing (Ministerio de Vivienda y Urbanismo, 
MINVU) has collaborated since 2017 with universities, 
research-and-development centers and BREEAM as- 
sessors to develop a “Code for Sustainable Homes.” 
The oft-perceived divide between global standards 
and national laws is more complex than it seems at 
first. The example of LEED Street shows that there is 
hardly a single organization that both gives form to 
the standard and administers its repercussions. 


In practice, the Green Building Council has devel- 
oped the rating system and is successful in sell- 

ing it worldwide, but many other institutions have an 
impact in shaping the standard in the course of its 
implementation. In the case of Santiago, these range 
from ministries and the Institute of Construction to 
the Institute of Normalization. Different ideas and 
practices by organizations and individuals mold the 
way it is being executed, sometimes including the lo- 
cal or foreign workforce. It is, therefore, important to 
investigate not only what thermal standards do but 
also who “does” the thermal standards. 


Santiago de Chile 


Chile is in the Top-10 list of countries with regard to 
the amount of LEED-certified buildings, a status that 
is related to its comparably stable political and 
socio-economic situation, as well as its recent con- 
struction boom, especially along Santiago's LEED 
Street. On the institutional side, the lack of gover- 
nance in Chile leaves room for international stan- 
dards. Indeed, with no improvement in the mandatory 
building codes concerning climate control of build- 
ings but with clients, public and private developers 
willing to reach higher goals of energy efficiency, vol- 
untary standards find a fertile ground. Using LEED as 
an example, | intended to open up the standards” 
“black box” in order to understand their relationship 
with the city climate. The examples have shown that 
certification schemes such as LEED focus more on 
individual buildings than on the urban environment 
into which they are inserted. This results in an urban 
climate characterized by a highly pronounced thermal 
“cut” between inside and outside. 


2.3 The Climate of the Self-Built Settlement: 
Creating One's Own Thermal Environment in 
Elemental's Lo Barnechea (2010-14) 


Self-building is a driving force in creating and regu- 
lating one's own private thermal environment. To in- 
quire into the modification of buildings, a project by 
the architecture office Elemental in Lo Barnechea has 
been investigated. It was finalized in 2014 and inhabi- 
tants of each of the houses did individual modifica- 
tions on the existing building. Lo Barnechea is located 
in the northeast fringes of Santiago, at the foot of the 
mountains. It is a high-income district bordering La 
Dehesa, the richest community in the country—one 
consisting mainly of private villas with swimming 
pools, and a golf course. The property where Lo 
Barnechea is located is on the banks of the Mapocho 
River, which features a lovely park. A good location 
(close to public services, recreational spaces and job 
opportunities) is one of the key features that architect 
Alejandro Aravena and his team at Elemental estab- 
lished in their “ABC of incremental housing.” 


Thermal Practices 


Lo Barnechea, Santiago's largest informal settlement, 
houses a total of 880 families. The plan was to pro- 
vide quality housing to these families, without relocat- 
ing them too far from their jobs, schools, health ser- 
vices and public spaces. Elemental constructed 150 
units in a first phase, each unit measuring 44 m? (up 
to 69 m? after expansion) and costing 7,700 USD 
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each. A total of 2,300 USD was paid by the families 
themselves; the rest was subsidized by the municipal- 
ity and Ministry of Housing. ^^ The units are organized 
around a courtyard, which creates a sense of commu- 
nity and offers a threshold between public and private 
spaces. Some inhabitants have appropriated those 
communal spaces by building up the entrances to 
their homes, offering an additional transition from 
outside to inside. Further, the courtyard is used to re- 
lax or barbecue in summer. What | noticed while ex- 
ploring the settlement are the numerous additions to 
the houses, such as balconies, which were not origi- 
nally planned. 


Through Elemental, | came in contact with a three- 
person household in Lo Barnechea: Father Carlos 
Gana, mother María Teresa Mufioz and their daugh- 
ter, Karla. When | arrived at their house, Carlos was in 
the middle of conducting some extension works on 
the upper floor. Seeing him work, | got to know how he 
operates and what kinds of materials he uses. The 
family house is made of masonry, reinforced-concrete 
walls with wood beams for the structure, wooden pan- 
eling and gypsum board for the interior, and galva- 
nized corrugated steel for the roofing. The building 
has three stories, two full floors and a mansard. On all 
floors, the family made adaptations to the initial build- 
ing: on the ground floor, ^? they added a bedroom for 
their daughter, who uses a wheelchair. On the first 
floor, they made one large bedroom for the parents 
rather than two smaller bedrooms as were in the ar- 
chitect's original plans. Carlos is currently doing an 
extension of a bedroom on that same floor. The last 
floor, which contains a small bedroom for friends or 
guests, is located right below the roof, so it can get 
quite hot in summer and rather cold in winter. To heat 
the rooms, the family uses electric heaters, a common 
device in Santiago. ln summer, my contacts practice 
cross-ventilation on each of the upper floors, through 
windows that face one another, to cool the indoors. 


In general, the family is satisfied with the house and, in 
particular, they like its dimensions in comparison with 
other social-housing units in the city. Living in Lo 
Barnechea has also allowed them to stay close to 
their jobs and to enjoy the proximity of the river and 
park. In terms of thermal comfort, they made no com- 
ment. | suspected that, out of courtesy, they did not 
want to critique the architecture as it offers them a 
rare opportunity to inhabit a spacious and generous 
home. As is usually the case in buildings in Santiago, 
they tell me that they keep their jacket on or put on 
warm clothes when being indoors in winter.*** Every 
bedroom has an electric heater, but they emphasize 
that they would not switch it on all day long for cost 
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reasons and personal preferences of comfort. The 
key feature for the family, however, is the possibility 
to extend the ground floor for their handicapped 
daughter. This extension has already led to yet an- 
other space above it. | could assess how Carlos was 
building: using wooden frames and filling them with 
expanded polystyrene. Such materials can be bought 
in the “Sodimac” nearby, a DIY store very popular 
across the country. For the construction work, Carlos 
relies on his personal experience, and he seems 
proud to “repair stuff” around the house. 


The SantiagoTe Brick 


Regarding the thermal performance of the Lo 
Barnechea buildings, it is telling that the masonry 

is made with SantiagoTe bricks. This is a standard 
in Chile and it is produced by the country's biggest 
brick factory, Cerámica Santiago. Even though the 
brick is far from energetically efficient, it is accepted 
in the RT's requirements for new buildings. This type 
of brick was produced by Cerámica Santiago who 
funded the studies on brick resistance that led to 
the definition of the resistance standard (U-value). 
SantiagoTe bricks are affordable, and therefore 
preferred by many home builders. They have a low 
resistance value, which especially impacts indoor 
temperatures in winter. 


During the introduction of a new regulation, profes- 
sionals will hope to see it aligned with practices in 
their field and will try to lessen additional costs and 
risks as much as is practicable. The building sector, 
for example, will try to make it compatible with the 
market construction feasibility or traditions as much 
as possible. In the second phase of the RT's creation, 
bricklayers first lobbied against it using the prevailing 
argument of the construction sector: it is easier to 
stay with a “business-as-usual” scheme. The stan- 
dard is not necessarily the technically most advanced 
outcome. It often emerges from people who have an 
interest in the market, as was the case for SantiagoTe 
bricks. The material characteristics were defined ra- 
tionally, but with some adaptations fulfilling the manu- 
facturer's technical possibilities and financial 
strategy. 


In regular projects, the architect leaves the construc- 
tion site once the buildings are completed. This was 
not the case at Lo Barnechea: Alejandro Aravena, the 
architect from Elemental, informally followed the 
works in the community. Carlos told me that one day 
Aravena came to see him and was impressed by the 
works he had carried out. The architect only offers 
consulting if needed, but the decisions are made by 
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inhabitants themselves. This is an example of how the 
profession of the architect has become more and 
more complex. Aravena has expanded his role as me- 
diator beyond the actual construction itself. He is not 
merely an innovator but rather the executor and coor- 
dinator of the work of various experts, even including 
the inhabitants. While he sets some construction 
standards initially, he also gives advice on adapting 
the building in practice afterwards. 


The thermal conditions provided by the same regula- 
tion are experienced and lived differently among in- 
dividual dwellers; diversified perceptions simply fall 
out of the standards' scope. Most people in Chile own 
their own home and modify it according to their pref- 
erences and financial means. ln the throes of design- 
ing and building, regulations of all kinds are not in- 
dependent of social forces. Actually, regulation is 
translated and transformed by the different profes- 
sionals who assess and interpret the various stan- 
dards.'*º Looking at the incorporation of built struc- 
ture into everyday life helps outline the nuances that 
standards reach in the building. That also takes ac- 
count of the specific materiality manifest in the de- 
tails of windows, doors, roofs, balconies and other 
parts of the buildings. While the role of the expert 
lies in deciding on the execution of building stan- 
dards and designs in construction, the users par- 
ticipate as self-builders in housing production with 
non-standardized ideas. ln practice, the choice of cer- 
tain standards is complemented by factors such as 
socio-cultural preferences and economic resources. 


3. When Global Standards Meet Local Norms 


Today, the construction sector worldwide cannot 
ignore thermal standards and certifications; they have 
become powerful tools by which to address energy- 
consumption issues. What differs across countries is 
the role of the state and other institutions in the imple- 
mentation of those standards. Social norms of ther- 
mal comfort are embedded in forms of building con- 
struction, heating or cooling. Such norms are linked to 
a local place while, at the same time, influenced 

by international best practice. The proliferation of air 
conditioning in cities all over the world is one example 
for the global mobility of thermal-comfort-related 
technologies. Beyond the national organizations 
involved, transnational labels such as LEED provide 
place-independent guidelines for energy-efficient 
construction. In the case of LEED Street, foreign 

firms use voluntary standards to develop their 
projects somehow independently from localized, 
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technical-political imbroglios. It is apparent that stan- 
dards are not ready-to-use principles that automati- 
cally assure the best possible outcome. They are 
merely institutionalized means for ordering building 
methods—and, as such, are enforced by the ruling 
power and its bureaucracy.“““ Standards are one way 
of "settling things" by optimizing the state of the art. 
In the building industry, they were primarily developed 
for the sake of stabilizing and facilitating the control 
of indoor temperatures. 


Before a thermal standard is applied to a built struc- 
ture, it must have already passed through a number of 
stages. First, a scientific method defines the thermal 
standard; secondly, a technical laboratory calculates 
resistances and U-values for different materials; and 
finally, authorities define building standards in written 
regulations. What sounds simple is the result of a 
highly political process involving questions of legiti- 
macy and power, despite a common view that "stan- 
dards organizations promise technical expertise with- 
out political entanglements.”““' Administrative and 
political institutions that are setting up this regulatory 
framework rely, for the most part, on a technocratic 
view of the building process: solutions are found in 
new products or technologies. Architects, on the 
other hand, like to find solutions in the available mate- 
rials, experimenting with them rather than seeing 
themselves as simple translators of standards into 
some built form. Bioclimatic architecture is one exam- 
ple of how some architects deal with the environmen- 
tal conditions of a place and respond to it accord- 
ingly. While architects are not able to master the 
entirety of a project's sequences, they are part of a 
multi-disciplinary entanglement of expertise and 
practice that brings standards from the written page 
to the constructed building. 


As soon as a building enters the social realm through 
inhabitation, itis influenced by more forces than are 
belied by mere technical considerations and neat cal- 
culations. In the case of Lo Barnechea, inhabitants 
adapt the existing buildings by adding new rooms and 
envelopes that will affect their thermal environment. 
With regards to the growing energy need within the 
building sector, many experts are convinced that in- 
creasing the standards' values is no answer to curb- 
ing energy consumption. Even though newer technol- 
ogies might be “more efficient,” they still rely on the 
same cultural and societal conventions as older 

ones.'^? We base our current energy-transition poli- 
cies mainly on our trust in technological change and 
evolution, but avoid addressing how we might change 
energy use in everyday practice. In addition, the cur- 
rent logic is fully embedded in a neoliberal market 


93 


Lo Barnechea, gate to the 
community. 


Lo Barnechea, situation on the banks of the Mapocho River. 
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Lo Barnechea, courtyard between the buildings that ATADO 
creates a sense of community and offers a threshold 
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Technical Specification of SantiagoTe brick by the 
company Ceramica Santiago. 
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Lo Barnechea, building extension 
by the Gana family. 
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Lo Barnechea, building extension 
on the upper floor by the Gana 
family. 
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Lo Barnechea, section and elevations by Elemental. 
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economy. Therefore, as Elzen, Geels and Green note, 
“system innovations not only involve new technologi- 
cal artifacts, but also new markets, user practices, 
regulations, infrastructures and cultural mean- 

ings.”**" By taking the case of Santiago de Chile, | 
have shown how standards, building codes and social 
norms closely follow the political changes that have 
taken place in the last few decades in Chile. 


An analysis of the various standards involved in con- 
struction in all three cases from Santiago (Villa Frei, 
LEED Street, Lo Barnechea) outlines the need to think 
beyond the individual building. The modernist con- 
structions from the 1950s and 1960s all paid great 
attention to establishing green spaces for leisure, in- 
teraction, gardening and mobility between the 
houses—and also in Lo Barnechea, the courtyard 
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space that serves for community activities. But ther- 
mal comfort is not solely confined to the building's 
interior; urban architecture should pay more attention 
to including the neighborhood in thermal planning. 
Transnational voluntary standards like LEED, but also 
Chile's RT, poorly consider the public spaces sur- 
rounding houses. These spaces are not merely an 
addition to thermally insulated interiors but should be 
considered as complementary to them. And what is 
considered comfortable in the end not only depends 
on measurable variables such as temperature and 
humidity but also on a social sense of place, and on 
“thermal delight.” This means that we must investi- 
gate thermal standards beyond the mere construction 
of a building, including an understanding for how peo- 
ple both live in it and adapt to it. 
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Actor-Network-Theory diagram depicting the intertwined political ecology of standardization. 


Urban Climates 


96 


Chongqing 
(People's Republic of China): 
The Electrification of the 
Urban Fabric 


On Governing the Built 
Environment's Seasonality 


Madlen Kobi 


1. Electropolis: 
Towards a Post-carbon City 


Cities at the beginning of the 21st century epitomize 
what is considered an anthropogenic landscape. Far 
from existing apart from nature, “cities are dense net- 
works of interwoven socio-spatial processes that are 
simultaneously local and global, human and physical, 
cultural and organic.”””“ Various environmental prob- 
lems have emerged with the concentration of built 
structures, energy flows and population density in ur- 
ban areas worldwide. With regard to urban climate, air 
pollution and urban heat-island effects pose serious 
threats to human health. In large part, these are re- 
lated to the excessive energy consumption for both 
cooling and heating interiors—systems that are mainly 
fossil-fuel generated, and affect both local and global 
climates. 


Under the premise of the Anthropocene, these urban 
environmental challenges foster a reassessment of 
energy infrastructures and the demands for a substi- 
tution of fossil (oil, coal) with non-fossil energy (wind, 
solar, water). Efforts are being taken in cities world- 
wide to curb carbon emissions, change the type of 
energy used for heating and cooling, improve the 
energy efficiency of electric devices and target the 
airtightness of building envelopes.””“ If the ideal city 
of the future is to be carbon-free, transportation and 
climate-control technologies will have to be electri- 
fied to prevent carbon emissions. This chapter ques- 
tions the idea of such an e/ectropolis ^? governed by 
"clean" electricity. It outlines the complex social, po- 
litical and environmental implications of electrifica- 
tion that emerge with the production and consump- 
tion of energy for cooling and heating interiors. 


More specifically, this chapter examines the net- 
worked implications that electrification has had in 
Chongqing, a metropolis of roughly eight million in- 
habitants in southwest China. l investigate the ways in 
which decarbonization is used to relieve the urban 
climate, as well as how urbanization and the shift to- 
wards renewables have altered the environment in 
and beyond the city itself. In addition, the study of 
thermal-material culture in and around buildings 
highlights the indispensability of electricity for ther- 
mal well-being indoors, both in winter and in summer, 
which has opened up new lines of socio-economic 
stratification in post-reform China. Altogether, the 
different scales of governing energy infrastructure 
towards electrification draw the contours for recon- 
sidering both the potentials and the obstacles of the 
electropolis. 


1.1 Energy Challenges in Urban China 


Cities in China are particularly suited to engaging with 
the consequences of the global trend towards electri- 
fication. On the one hand, energy demand for con- 
struction and maintenance in the housing sector con- 
tinues to rise. This demand is related both to rapid 
urbanization and to the rise of consumer desires that 
marked China's development after the economic re- 
forms of the 1980s. On the other hand, the country's 
energy supply depends heavily on coal, a major car- 
bon emitter. In 2018, for example, coal still accounted 
for some 67 percent of the national electricity mix, 
and one in every four tonnes of coal used globally to- 
day is burned to produce electricity in China. 
Decarbonization and the need to rethink energy pro- 
duction, a pressing issue for the Chinese government, 
deeply affects regional dynamics within the country. 
One of the greatest problems is that the highly popu- 
lated cities along China's eastern coast count among 
the country's highest energy consumers, but the pos- 
sibilities of their tapping renewable wind or water re- 
sources are limited. 


Since the 1990s, electricity consumption (dianli 
xiaofeiliang) in Chongqing has increased more than 
six-fold.“”” This is attributable to the growing energy- 
intensive industrial sector (with factories for iron and 
steel, nonferrous metals, the chemical industry and 
building materials)'”“ as well as the increase in cool- 
ing and heating practices.“?” Household energy 
consumption related to electrical devices in urban 
China has risen steadily in the post-reform period: 

in Shanghai, for example, almost half of the energy 
demand in summer 2005 was related to air 
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Washing clothes in 
Yangtze River near 
Wanxian (neighbouring 
town of Chongqing), 
1980s. 
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Drying clothes outside 
of windows, 1988. These 
buildings with single- 
glazed windows are 
characteristic of the 
socialist period. 
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“The Mountain and Water City Chongqing. / 117 EF.” 


Chinese stamp depicting Chongqing at the confluence 
of the Yangtze and Jialing Rivers. China Post, 2014. 
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4) Chongqing Nanshan Thermal 
Springs in the 1980s. 


74 
The Three Gorges Dan started to operate in 2012 as 
the largest hydroelectric power station in the world. 


conditioning.“”” These numbers are comparable with 
Chongqing, where, between 2002 and 2012, the num- 
ber of air-conditioning units doubled from one to two 
units per household. 


Further, electricity consumption in Chongqing is 
greater in the winter months because central-heating 
installations are virtually non-existent there. The lack 
of a heating network in the southern part of China is a 
legacy from the socialist period, and something we 
refer to as the "Great Heating Divide”.“”“ During the 
first Five-year Plan in the 1950s, the Chinese govern- 
ment issued the Huai River Heating Policy, which 
stipulated that for economic reasons, district-heating 
infrastructure should only be installed in the northern 
part of China, in the area above the roughly east- 
west-oriented divide following the Huai River and the 
Qin Mountains.*°° Chongqing's winter temperatures 
on coldest days range between 5ºC and 7ºC, as the 
city is located right below the dividing line. This zone 
includes several mega-cities: Wuhan, Shanghai, 
Nanjing and Chengdu. With the rising incomes of ur- 
ban residents, the desire for a warm indoors in winter 
has spurred an increase in electricity consumption for 
running air conditioning, small heating devices and 
electric underfloor heating. 


1.2 Riverside Climates in Chongqing 


Within China, Chongqing belongs to the “summer- 
hot-winter-cold zone” (xiare dongleng diqu),*™ with a 
subtropical climate. The city is known under three de- 
nominations that point directly to its climatic charac- 
teristics: together with Wuhan and Nanjing, it belongs 
to the three “furnace cities” (san da huolu), a designa- 
tion which, for each, reflects the unbearable heat of 
their summers. In July and August, temperatures can 
reach an average of 33ºC and rise to more than 40ºC 
on peak days.” The nickname "Mountain City” 
(shancheng) refers to the urban territory's hilly land- 
scape. And “Fog City” (wudu) alludes to the few sun- 
shine days in winter when the constant cloud cover 
creates a misty atmosphere. 


Chongaing's location on the banks of the Yangtze 
River was a key impetus for urban development. At 
the end of the 19th century, the port attracted mer- 
chants who were trading in the salt, fruit and timber 
that was shipped eastwards, to settle there.*°’ Unlike 
the many other Chinese cities laid out in a grid pat- 
tern, Chongqing's undulating territory along the river 
has had a profound impact both on microclimatic con- 
ditions and the built environment; the city is charac- 
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terized by tropical green vegetation; long staircases 
that rise up from the riverside; and underground air- 
raid shelters that, while they date back to the war 
against Japan in the mid-20th century, are still em- 
beddedin the hills. Before aircon became popular, the 
Yangtze River shore was a favorite place for children 
to play in the water and cool down, while adults went 
with bamboo mats to have a rest along the riverside. 


With the widespread electrification of the city in the 
1980s, cooling or warming oneself was relegated to 
indoor spaces. The first installations of an energy in- 
frastructure delivered electricity for public buildings 
and schools in the 1950s and 1960s. In the 1970s, the 
network was extended and included street lighting, 
among other innovations.””* Only in the 1980s were 
the majority of private households connected to the 
grid. Electrification then enabled private lighting and 
electric cooking, but also air conditioning and the run- 
ning of heating devices to control indoor tempera- 
tures. 


Based on an analysis of the historical trajectory of 
climate control in Chongqing since the 1950s, this 
chapter brings together different scales of thermal 
governance to examine how thermal control indoors 
is intertwined with its urban environment. | alternate 
back and forth between individual thermal household 
practices; urban climate challenges, such as air 
pollution and urban heat-island effects; and state 
decisions that have pushed electrification since the 
1980s. Interweaving household practices with the 
energy transition raises awareness of the “strong 
conflicts among economic growth, environmental 
protection, and social justice."^^? Placed within larger 
debates on clean energy futures, individual practices 
for cooling and heating in Chongqing are scrutinized 
with regard to energy policies, infrastructure subsi- 
dies and the historical legacy of the built 
environment. 


The material presented relies on a mix of qualitative 
data gathered between 2017 and 2020. Primary 
knowledge was gained from four months of ethno- 
graphic fieldwork in Chongqing in 2017/2018, at 
which time empirical data was collected—both 
through investigative visits in private households and 
through semi-structured interviews with residents 
and experts from different sectors of the building in- 
dustry (e.g. heating engineers, architects, cooling- 
device sellers). Other qualitative methods—such as 
photography, mapping, walking and participant ob- 
servation—complement the ethnographic approach. | 
also rely on oral histories on the urban development 
of Huangjueping neighborhood, stories compiled 
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Construction site of Raffles City Chongqing, 
landmark architecture on the Yuzhong penin- 
sula, completed in 2019. 
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View from the 16th floor of the residential compound 
Qiushui Changtian. The hilly urban territory defines the 
arrangement and heights of old and new buildings in 
the neighborhood. 


Old postcard of stilted houses next to 
high-rises in Caiyuanba, probably 1990s. 
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An old wooden-stilted building in Shibati neighbourhood in 2010 
surrounded by modern apartment buildings. Note the “breath- 
able” bamboo walls. 
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mainly by an assistant in 2020. Further, published 
data on housing in Chongqing in the 20th century was 
analyzed in order to trace the constructional charac- 
teristics of different building typologies with regard to 
climate control—especially stilted houses, socialist- 
era buildings and high-rise architecture. 


2. Governing the Seasonality of 
Architectural Typologies 


The role of buildings in household energy consump- 
tion is of particular relevance because their construc- 
tion and maintenance rely on considerable amounts 
of energy and resources. In addition, indoor thermal 
control depends on the materiality of buildings: with 
most houses being uninsulated, indoor spaces in 
Chongqing rapidly cool down or heat up depending 
on the season. ln order to trace the role of the built 
environment in thermal practices, | will address two 
different architectural typologies that are characteris- 
tic of Chongqing's cityscape today: the multi-story 
houses built in the socialist period between the 1950s 
and the 1990s, and the high-rise buildings that have 
emerged since the 1990s. In both building types, the 
indoors are mitigated by a mix of passive and active 
forms of climate control, but they were constructed 
under different thermal premises: while the socialist- 
era houses and neighborhoods were constructed be- 
fore electrification, the idea of thermally controlling 
the indoors through air conditioning was already a 
given when the first high-rises went up. In the case of 
the socialist-era buildings, | use an oral-history ap- 
proach to outline how the summer heat was mitigated 
before electrification. When analyzing thermal control 
in the high-rise, | discuss both the need for air condi- 
tioning in summer and the mitigation practices of the 
winter cold today, 70 years after the introduction of 
the Great Heating Divide. Beyond the presentation of 
oral history and ethnographic data from individual 
households, the analysis focuses on the relationships 
between thermal structures, thermal practices and 
thermal regimes manifest in the efforts towards a 
post-carbon city. 


2.1 Urban Climates in Socialist-era Houses 


The Huangjueping area in the Jiulongpo district is a 
fine example of the various architectural develop- 
ments that have taken place in Chongqing in recent 
decades. The area is nestled into the hilly topography 
of a peninsular terrain that ranges down to the 
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Yangtze River, and its name, “Huangjueping,” derives 
from the Huangjue, the white fig tree (Ficus virens) 
popular all over Chongqing but especially common in 
this area, that offers plenty of shade, and thus com- 
fortable thermal conditions during the hot summer 
days. 


Relocating Air Pollution 


Huangjueping's history is closely linked to the city's 
industrial history and air quality: while in the socialist 
period, it was an industrial and labor-intensive area 
dominated by two large work units (a coal plant and a 
railway station), ithas since become a popular resi- 
dential area for artists given its location around the 
old campus of the Sichuan Academy of Fine Arts. The 
transformation of the district was largely driven by the 
history of the coal-run Chongqing Electricity Plant 
(Chongqing Fadianchang), built in 1952 as one of 156 
key development projects in China that were sup- 
ported by the Soviet Union. In operation from 1954 
until 2014, the plant emitted high levels of airborne 
pollutants. 


Electricity production in China is closely linked to de- 
teriorating air quality because coal is the main energy 
source. The electricity, produced mainly in northern 
China, is consumed for industrial and residential pur- 
poses in urban areas all over the country.“ In 2018, 
46 percent of the total energy-related CO; emissions 
in China fell on the electricity and heating sector, fol- 
lowed by industry (31 percent) and transportation 

(10 percent). Urban inhabitants’ health was se- 
verely affected by air pollution up until the 2000s, 
given that many electricity plants were located in ur- 
ban or suburban areas. Since then, a number of gov- 
ernment measures all over China, often forced by 
nongovernmental organizations (NGOs) and other 
civil-society organizations, have worked to curb pollu- 
tion from coal production, whether by “emission con- 
trols and monitored facility upgrading (higher chim- 
neys, new fume filters, etc.) [...] [or] the much more 
radical shutting down of whole factories and power 
plants in or near residential areas.””** Such measures 
to improve air quality were also followed—in 
Chongqing, for example—by the “Clean Energy 
Movement," launched in the year 2000. This policy 
accepts the necessity of coal-produced electricity 
but invests in cleaner technologies, thereby lowering 
the consumption of sulphur-content coal and devel- 
oping alternative energy sources. 


Having hosted one of the major electricity plants in 


Chongging, residents in Huangjueping have expe- 
rienced first-hand how the rising electricity demand 
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has impacted the air they breathe. While the indus- 
try generated numerous workplaces, and broughta 
certain living standard to Huangjueping, it also seri- 
ously affected people's health. Until the mid-2000s, 
streets in Huangjueping were covered with black 
dust. Freshly washed clothes hung outside to dry had 
black stains in the evening because the soot con- 
centration in the air was so heavy.“ The closures 

of both Chongqing Electricity Plant in 2014 and that 
of the nearby Jiulongpo Plant led to a 9 percent re- 
duction of PM 2.5 (particulate matter) concentration 
in the city. Further, 9,980 tonnes of sulphur dioxide, 
10,900 tonnes of nitrogen oxide and 910 tonnes of 
soot were prevented from entering the urban climate 
annually. 


Obviously, the relocation of industries from city 
centers has improved air quality in Huangjueping and 
other urban areas—but coal-polluting electricity 
production is ongoing, both in suburban and more 
rural areas of the country, in order to meet the de- 
mands of industry and residential housing. To protect 
the growing urban middle class from health problems, 
the polluting industry has been relocated to the less- 
regulated hinterlands. 


Mitigating the Summer Heat Outdoors 


Until the mid-20th century, Chongqing's building 
stock was dominated by the popular residential form 
of houses on stilts, dwellings constructed of wood 
(mu jiegou diaojiao lou, lit. “wooden hanging feet 
building”), and, later, of bricks. These houses took ad- 
vantage of the microclimatic conditions of the river- 
side and the hills. Ventilation was facilitated by the 
slopes, where cold air from the river moves uphill 
through natural microclimatic wind movements. The 
use of “breathable” walls (hui huxi de qiang) made of 
bamboo helped to combat the high humidity.**° The 
materiality and design of housing changed in the 
1950s, when companies such as the Chongqing 
Electricity Plant began to dominate state-led con- 
struction projects. In Huangjueping, the company 
constructed housing for its employees: the so-called 
Electricity Villages (dianlicun). Some 10,000 people— 
all of them employees at the Electricity Plant or rela- 
tives, including managers, office staff and workers— 
lived in these neighborhoods. 


Such residential areas (xiaoqu) were built accord- 

ing to the common typology of the Chinese work unit 
(danwei), which, in socialist times, not only provided 
housing but also included schools, post offices, shops 
(initially with rationed goods), playgrounds, sports 
arenas and other necessities for daily life." The 
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Electricity Plant work unit even had a public swim- 
ming pool, indicating the wealth of the unit. The hous- 
ing typology of the compound followed a residential 
model that was implemented all over China after the 
communist government under Mao Tse-tung came to 
power in the 1950s. These Soviet-inspired buildings, 
first one-story and later mostly three to four, were of- 
ten composed of brick walls, tiled roofs, and wooden 
floor plates, and their north-south orientation pro- 
vided optimal insolation.““” Houses were arranged 

in rows, and had sanitary facilities (kitchen, bath- 
room, toilet) that were shared between neighbors. At 
that time, the main construction materials were avail- 
able locally: slabstone (pianshi) or rubble (maoshi) for 
house foundations; and earth (tuqiang), stones (shi- 
tou) or bricks (zhuan) for the walls.*** The scarcity of 
materials made housing construction stagnate during 
the Cultural Revolution in the 1960s and 1970s, at 
which time it was difficult for urban residents to find 

a house at all. A saying goes that “it was easy to find 
a mate, but difficult to find a house” (zhao duixiang 
rongyi, zhao fangzi nan).”““ From the mid-1970s on, 
apartments were mostly built with brick walls and pre- 
fabricated concrete floors. 


One of these characteristic residential compounds in 
Huangjueping that dates back to the socialist period 
is Xiao Meishu Xueyuan, which is located opposite 
the main gate of the Sichuan Academy of Fine Arts 
Campus. The seven residential buildings that make 
up the core of the compound today were built be- 
tween the 1970s and the 1990s. They replaced a row 
of one-story buildings dating from the 1950s, which 
were demolished in the early 1970s. The new, multi- 
story buildings were a measure to accommodate the 
population growth at that time. The construction was 
co-funded by the inhabitants, which, according to 
one of them, guaranteed a better-quality houses 
inasmuch as more resources were available.” The 
original apartment owners were employees in the 
work unit of the Academy of Fine Arts, and bridged all 
social strata from canteen cooks to teachers. Today, 
Xiao Meishu Xueyuan counts as a lower-middle-class 
compound with quite run-down apartments that are 
sold or rented out on the free real-estate market 
(shangpinfang). Conversely, other compounds at the 
Academy still offer employees partly subsidized 
apartments. 


The microclimatic conditions in and around these 
houses is characteristic of those in which a whole 
generation of occupants has lived, in similar residen- 
tial compounds in Chongqing: the layout of the 
houses and the compound, with its integrated green 
public spaces, provided some cooling in the summer 


103 


months. Stories about coping with the extreme sum- 
mer heat before the widespread use of air condition- 
ing abound. Until the 1990s, and because tempera- 
tures in the rather small apartments were often as 
unbearable as those outdoors, sitting under the trees 
in the backyard was a common habit. As to former 
cooling practices, Mrs. Hu,*** a woman in her sixties, 
remarked: “Outside it was sometimes maybe even a 
bit cooler because there was a breeze.” 


When remembering summer practices in Xiao Meishu 
Xueyuan before electrification, long-term residents 
often mentioned the use of specific objects or how 
they relocated at different times of the day. Many, for 
example, used a bamboo maton the bed instead of a 
bedsheet. Sometimes, the mat was wetted to boost 
the sensation of cold. Others took advantage of the 
slightly cooler nocturnal outdoor air to fall asleep. 
Especially in the older socialist-era buildings, where 
everyone living in one building worked in the same 
work unit, it was common for residents to gather on 
the rooftop to sleep. One 55-year-old Chongqing res- 
ident's oral account of earlier thermal practices 
during the hot summer days summed up the recollec- 
tions of many: “In earlier times, when we didn't have 
air conditioning, we used to sleep outdoors on the 
rooftop. In the evening, we went up there, took our 
bamboo beds, sat together, wagged our hand-fans 
and looked up into the sky, waiting for the air to cool 
down. That's when life was still delightful. Now with 
the aircon, everyone sits in his own bubble.” 

Without an entertaining television in an air-condi- 
tioned living room, the time before going to bed 
meant relaxing on bamboo mats and chairs, generat- 
ing cold air with the hand fan, drinking Laoyin tea and 
exchanging the latest gossip. Those who preferred to 
sleep on a bed indoors would usually leave all their 
windows open, or would pour cold water on the apart- 
ment floor before going to sleep—so the floor, and 
then the air, would cool down through evaporation. 


For indoor climate control, socialist-era buildings 
suchas those in Xiao Meishu Xueyuan relied mainly 
on passive means such as cross-ventilation (fa- 
cilitated by narrow buildings with windows or door 
openings of apartments on two opposite sides), so- 
lar gain,” the inclusion of apertures in the walls of 
apartments or staircases; double-T-shaped houses 
that guaranteed a maximum ventilation for all apart- 
ments by maximizing exterior wall surfaces, or the 
construction of staircases on the building's west side 
to prevent the strong afternoon sun heating up the 
apartments. Balconies, individual kitchens and re- 
strooms in the apartment were only provided from the 
1970s on. The inclusion of greening in the design of 
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public spaces in the compound and passive means 
of climate control in the built structure can be partly 
attributed to a lack of economic resources in social- 
ist and early post-socialist times. While electrification 
was already common in European cities, the Chinese 
socialist government in the 1960s and 1970s had few 
means to invest in infrastructure development. 


2.2 Perceiving the Season in the High-Rise 


After the death of Mao and the accompanying eco- 
nomic reforms in the 1980s, urban areas in China be- 
gan to expand rapidly, the construction of high-rise 
buildings being that growth’s most visible marker. The 
urban building stock almost tripled between 1995 and 
2005." With a reorganization of land-property 
rights, the state was no longer the main builder; in- 
stead, private and semi-state companies became the 
drivers of the real-estate market, with work units re- 
maining strong actors in the construction and alloca- 
tion of housing.““ While building designs became 
more diverse, residential properties remained orga- 
nized in compounds. In post-reform Chongqing, the 
explicit aim of the Communist Party and the State 
Council was to improve urban housing and speed up 
urban construction. 


The emergence of the high-rise typology came along 
with pronounced changes in the urban climate. Urban 
density, together with the gradual shift of building ma- 
terials from former wood-and-brick constructions to 
heavy mass structures with solid brick or concrete 
walls and larger glazing surface areas, had an impact 
on the overheating of urban districts in summer.” In 
addition, the geographic location of Chongqing in the 
Sichuan basin, from which humidity and hot air from 
southern winds struggle to escape, the booming con- 
struction industry and the increasing number of cars 
and tarmac streets have all contributed to rising 
inner-city temperatures over the last three decades. 
In a 2010 analysis of Landsat images, the average dif- 
ference between urban and surrounding rural areas 
was measured as 9.7ºC. And today, city-internal tem- 
peratures differ between the slightly cooler river 
shore and the central areas of the densely built-up 
Shapingba district, by some 5°C to 10°C.*** Although 
Chongqing faced hot summers throughout the 20th 
century, the light construction of its stilt-houses and 
the low-rise socialist-era buildings—as well as the 
river breezes—prevented the dense concentration of 
heat that oppresses today's concrete city. 
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Mitigating the Summer Heat Indoors 


As in other cities worldwide, air conditioning in 
Chongqing has become the norm for coping with ur- 
ban heat. When summer temperatures climb above 
35ºC outdoors, the indoor temperatures in both 
socialist-era and high-rise apartments often reach 
similar heights. In Chongging, many households ad- 
just their air-conditioning system to 26ºC, which is 
also the standard indicated in commercial leaflets 
from cooling-technology companies.”** Such higher 
indoor temperatures, which in fact exceed the global 
norm, are related to political concerns of energy effi- 
ciency: in the peak summer season of 2009, for ex- 
ample, the Electricity Company publicly appealed to 
industries, companies and organizations in 
Chongqing not to air-condition below 26ºC in order 
to prevent a breakdown of the electricity infrastruc- 
ture.^ In government offices, summer indoor tem- 
peratures of 28ºC are the norm to save energy 
costs. 


From an energy perspective, central cooling solutions 
would, in fact, be more efficient than running cooling 
devices in each apartment individually. So far, how- 
ever, only a few developers in residential compounds 
for Chongqing's upper-class clientele provide central 
cooling—as, for example, is the case in the upper- 
price-range area of Jiangbeizui CBD (Central 
Business District) in Jiangbei district, where river wa- 
ter is used for cooling the interior of office and resi- 
dential buildings.” Such projects not only benefit 
from the abundant water resources of the Yangtze 
and Jialing Rivers, the use of local energy production 
also prevents electricity having to be imported from 
other provinces. 


The everyday life of Wang Tong, a 30-year-old land- 
scape architect, is exemplary for today’s cooling 
practices in a high-rise residential environment. She 
and her parents live together in an apartment ina 
high-rise building in the Jinyu Tianyi residential com- 
pound in Dadukou District, just west of Huangjueping. 
The arrangement—with its five, almost identical high- 
rises—is surrounded by a fence, and creates a com- 
pound identity that is very common to modern 
Chinese cities.““” Completed in 2013, the site com- 
prises an area of 27,447 square meters. With a green- 
ing rate of 36 percent, the ground between the build- 
ings is covered with a lush, tropical spread of green 
trees and bushes. A swimming pool at the heart of the 
compound invites residents to cool down but is empty 
for the most part, as residents have to pay an en- 
trance fee and many among them refrain from using it 
because they cannot swim. 
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On a hot summer day when visiting Tong's family, af- 
ter entering the high-rise, we first cross a comfortably 
cooled entrance hall where some women are play- 
ing cards in a sofa corner of a stone floor. The tran- 
sition from the hot and bright outdoors to the semi- 
dark lobby is a thermal relief to the body. On the 27th 
floor, we step out of the elevator, cross an artificially 
lit corridor and enter the family's bright three-room 
apartment, which features a spectacular view of the 
surrounding high-rises. The two humming ventilators 
in the living room distribute the cold air emitted by the 
in-ceiling built-in air-conditioning unit. The rhythm 

of when, and what kind of, cooling devices the fam- 
ily uses depends on the daily activities in the differ- 
ent rooms. As Tong explains, “[a]part from the built-in 
air conditioning in the living room, we have an air- 
conditioning unit (gaitiao) in every room. When cool- 
ing the living room, we close the doors to the bed- 
rooms. When we leave the apartment, we turn off all 
devices. [...] | don't like sleeping with the air condition- 
ing on, because | think it's unhealthy. But | often cool 
down my room for one to two hours before bedtime, 
and then | turn it off again before falling asleep.” 


Different places in the apartment are assigned differ- 
ent thermal qualities; for example, one chair in the liv- 
ing room is apparently “the coolest place in the apart- 
ment” since it is located in front of the air-conditioning 
unit's cool air stream. Inasmuch as the apartment's 
main windows face east, the indoors get terribly warm 
in the morning—so the family installed heavy curtains 
towards the veranda, which they close in the morning 
to prevent the sun heating up the living room. For most 
of the high-rise's floors, no trees provide shade—in 
contrast with the socialist-era compounds, whose 
buildings are seldom more than ten stories high. 


Staying cool in urban Asia and other cities worldwide 
despite scorching heat outdoors is considered part of 
a modern and urban way of living.”** But cooling does 
not come without a cost: even though the Chinese 
government subsidizes energy, making it quite af- 
fordable for the middle and upper classes, not every- 
one can afford to cool his or her home. For the elderly 
with few financial means, a social-welfare program 
provides air-conditioning devices for free—but the 
running costs for electricity have to be paid by resi- 
dents themselves, and the cost can be considerable. 
Tong and her parents consciously use electric de- 
vices to save money. In any case, in the summer, the 
family spends some 700 RMB (Renminbi) a month 

on electricity bills, while in months when cooling de- 
vices are not needed the amount goes down to about 
70 RMB.” The family is pleased to be able to 
air-condition, but its members seem indifferent to the 
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Buildings remaining from the former 
Electricity Villages (dianlicun) in 
Huangjueping area. 
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Xiao Meishu Xueyuan, communal green 
spaces between buildings. 
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E Xiao Meishu Xueyuan, 
side facade of an apart- 
ment house from the early 
= 1990s. Note the staircase 
| built with “ventilation 
bricks” (tongfeng zhuan), 
rain protection above the 
windows, and the self- 
installed window and split- 
unit air-conditioners. 
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A serving tray in a private household 
picturing and celebrating the 
30-year anniversary of the 
Electricity Plant, object probably 
from the 1980s. 


Chongqing Cement Plant (ŒK ), estab- 
lished in 1937. Note the obvious air pollution 
from the industrial activities. At that time, 
cement was mainly produced for the con- 
struction of roads, bridges and military infra- 
structure. Only later did it serve building 
construction. 
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| Tanzikou residents using rationed honeycomb briquets 
for cooking and, sometimes, heating—probably 1960s 
or 1970s. Tanzikou is a village a little way outside of 
Chongqing, but the situation looked similar in urban 
areas. 
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Former inhabitants of Xiao Meishu Xueyuan sitting in 
their living room with jackets and scarfs on a winter day 
in the 1960s. 
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ecological impact of their energy use. Others, who 
cannot afford huge sums for air conditioning, might 
choose an electric ventilator or leave their apart- 
ments during the hottest days to stroll in cooled pub- 
lic spaces such as shopping malls or underground 
markets. Further, the hilly, urban territory offers many 
shady spaces thanks to the man-made transportation 
infrastructure—namely, bridges, where residents find 
relief from the heat. 


The trend towards conditioned indoors in Chongqing 
has had a profound impact on the urban climate. It is 
a vicious circle: the more urban residents switch on 
their air conditioning, the more heat is emitted from 
split units towards the outdoors—thus, further contrib- 
uting to heat-island effects. And the increase of hot 
days, in turn, propels the retreat towards the cooled 
indoors. Many informants think the summer months 

in Chongqing are getting hotter, and this is backed by 
statistical measurements: 2013 was the hottest sum- 
mer ever recorded: there were 5-10 more high- 
temperature days than usual with measurements 
above 35ºC. Because electricity is relatively afford- 
able in Chongqing, the media have, since 2009, re- 
ported a new electricity-consumption record almost 
every season: a record clearly related to the trend to- 
wards airconditioned indoors. 


Oral histories in the socialist-era residential com- 
pounds before and after electrification, and the reali- 
ties in the high-rise today, all emphasize that indoor- 
outdoor relations have changed in post-reform 
Chongqing. Until the 1980s, and due to limited access 
to resources such as housing or electricity, residents 
even of different social status used to share the shady 
compound spaces as thermal commons. Besides just 
cooling down, sitting under the trees meant socializ- 
ing, exchanging news and spending time together. 
Yet, especially in summer, people tend now to retreat 
indoors rather than cool down collectively in the 
shade of the Huangjue tree. Winter practices, on the 
other hand, have changed only for those who can af- 
ford to run electricity-dependent devices; others rely 
on the same techniques used in the 1970s—namely, 
wearing particularly warm clothes. 


Mitigating the Winter Cold 


The experience of winter in the “summer-hot-winter- 
cold” zone is largely defined by the lack of heating 
infrastructure as a legacy of the Great Heating Divide: 
in cities in northern China, almost everyone enjoys the 
amenities of a highly subsidized heating system. 
Keeping warm in Chongqing, however, is a luxury not 
all residents can afford.^^ Whether living in a 
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socialist-era or high-rise building, many residents of- 
ten simply sit in uninsulated buildings in their jackets 
or other warm clothes next to open windows when 
temperatures range between 8ºC and 15ºC. Surpris- 
ingly, native Chongqing residents emphasize that they 
actually enjoy the cooler temperatures because sum- 
mer is so arduous.”** The many decades of living in 
and with the winter cold has made residents resilient 
to temperatures that, in other parts of the world, are 
unanimously labeled *uncomfortable." 


To cope with the cold, some residents also plug in 
electric heaters or turn on their air conditioning for 
warm air—unlike in the 1970s, when, as one woman 
commented, residents used to warm themselves with 
"indigenous methods" (tu banfa).^^? This included, for 
example, filling glass bottles with warm water to use 
as warming bottles. Mr. Long, who lived in Xiao 
Meishu Xueyuan from the 1960s to the 2000s, recalls 
that in winter his family used to close all the doors of 
the apartment and warm themselves with a brazier. In 
the 1970s, before electrification, most households 
had only one such device, and moved it around in the 
apartment depending on where in the dwelling they 
were. But many families had to use their rationed coal 
briquets (75 kg per family, per month) for cooking 
rather than for heating. Mr. Long recalls that "it was 
common not to heat. It was not like today when you 
have heating and can just switch it on in winter." 

Until the late 2000s, socio-economically weak, urban 
households in the “summer-hot-winter-cold” zone still 
relied on braziers. 


With electrification, heating practices in Chongqing 
changed because open fires in apartments are con- 
sidered a fire risk. Further, air pollution from unfil- 
tered smoke constitutes a health risk. Despite new 
electrical devices, living in a high-rise apartment 
means coping with the same cold as in the buildings 
from the 1970s.°°° In late December 2017, visited 
35-year-old Huang Chongshi in his two-bedroom 
apartment on the 20th floor of one of the high-rise 
buildings of Qiushui Changtian (lit. "The Vast Sky of 
Autumn Waters"), a middle-class residential com- 
pound in the Shapingba district. The compound, con- 
structed in 2008, includes 2,128 apartments in eight 
high-rise buildings of different heights, depending on 
their location on the sloped terrain along the Jialing 
River. The layouts of the buildings vary, but all are 
characterized by a large exterior surface that, com- 
pared with a rectangular shape, is suboptimal when it 
comes to thermal heat transfer with the outdoors. In 
addition, the large number of windows in the paneled 
facade reduces indoor thermal quality: while insola- 
tion is desired in winter, it heats up apartments in 
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summer. Before indoor conditioning became possible, 
urban building facades in southern China were com- 
monly oriented towards the south for heat gain in win- 
ter. Such passive means of climate control seem to 
have had only a minor impact on contemporary high- 
rise design, and the structures' facades are testimo- 
nies to electrified cooling practices: self-installed 
split-unit systems are fixed in a shaft designated for 
those devices, and also hung next to the balconies. 


Entering Chongshi's apartment, | am surprised that 
the balcony door, oriented towards the northwest, 

is wide open. It is common practice in Chongqing to 
cross-ventilate in winter: open windows and running 
heaters seem no contradiction. Asked why people 
cross-ventilate excessively, many mention that this 
helps combat the growth of fungi and mold on fur- 
niture, clothes and internal walls. There is little heat 
loss through the opening of the windows since houses 
are often deficiently insulated, and the cold sneaks 

in through the thin walls and single-glazed windows 
anyway. Indeed, the indoor temperature of 12ºC on 
the day of my visit seemed of no great concern for 
Chongshi. He had grown up in a rural area in neigh- 
boring Sichuan province and moved to Chongqing 
five years ago for his job at nearby Chongqing 
University. For him, winter in this region was climat- 
ically negligible, as “you can use another blanketin 
bed, or you can just dress warmly and then easily sur- 
vive. In summer, however, there is nothing you can do. 
You are like dead tired all the time. The only relief is 
the air conditioning.” 


However, despite his stating that, in winter, he “just 
wears a bit more” to compensate for the permeable 
walls, a closer inquiry into Chongshi's daily rhythm 
shows that he has developed a set of strategies to 
stay warm. Of particular interest is the fact that he al- 
ternates his two bedrooms during different seasons 
of the year: the larger one (ca. 12 square meters) is his 
summer bedroom, given that, according to him, its 
ventilation works better than that in the smaller room. 
The main reason for moving into the smaller room 
(ca. 9 square meters) in winter is its better heating. 
Chongshi heats with an electric radiator (nuanqi pian) 
that he sets next to his legs, and closes the window 
and door to create a comfortable working atmo- 
sphere. With his average university salary, he can 
afford the several hundred RMB that the electric 
heater costs over and above his monthly rent of 
1,600 RMB. 


Many of my informants mentioned the fact that their 


everyday practices serve more to warm the body than 
to warm entire rooms. Given the non-existent heating 
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infrastructure, one encounters no heated indoors— 
but when entering an apartment, instead of taking off 
clothes, one changes into warm house shoes, pajama 
trousers (shuiku) and the frequently worn quilted in- 
door jackets. Warming bottles, electric heating 
patches or heaters are additional aids to comfort. 
Further, people emphasize the warming effect of local 
spicy foods, hot tea and the popular practice of a 
warm foot bath (tangjiao) to stimulate blood 
circulation. 


The choice of such objects and devices, however, 
largely depends not only on the socio-economic 
means to purchase them but also on the ability to pay 
for the related electricity costs. Other factors—such 
as age, gender and personal experience—also affect 
the possibilities of mitigating the cold. A new trend 
among the upper middle class is the installation of 
electric underfloor heating for entire rooms or apart- 
ments. Nonetheless, many refrain from buying this, 
arguing that winter in Chongqing is too short to make 
up for the cost of installation and maintenance. 

The head of a heating-installation company stated 
that since starting his business in 2009, the num- 
ber of people interested in installing underfloor had 
steadily risen. In his opinion, “heating is not a neces- 
sity in Chongqing, but with the rising quality of life in 
Chinese cities, those who can afford it investin com- 
fortably warmed apartments.” 


2.3 
Lowering Electricity Consumption 
Through Design 


The example of Chongshi's winter practices empha- 
sizes the fact that seasonal climates are, in reality, 
being perceived in the living room. No clear-cut 
thermal division exists between indoors and outside. 
Apart from the small bedroom, all the rooms in 
Chongshi's apartment have the same temperature as 
outside. This is largely the result of the materiality of 
the buildings in Chongqing; apartment walls are nei- 
ther insulated nor soundproof. One informant called 
this the “famous Chinese quality” whereby one can 
hear neighbors talking and even smell what they are 
cooking. Another informant mentioned that more 
noise comes in through the walls of his multi-story 
apartment than through the recently replaced 
windows. 


The problem of thin walls applies mainly to houses 
built in the 1980s and 1990s, right after the economic 
reforms. Before that, in socialist-era times, walls were 
often built of bricks at a width of 60 to 70 centime- 
ters, thus providing insulation through thickness. 
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Jinyu Tianyi residential compound, 

. cooled entrance hall of a high-rise 
building. 
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Qiushui 
Changtian 
residential 
compound 
located on the 
shore of the 
Jialing River. 
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Jinyu Tianyi 
residential 
compound, 
compound 
greening seen 
from Wang 
Tong's 
apartment. 
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Jinyu Tianyi residential compound, 
ventilation shaft where split 
air-conditioning units emit hot air 
to the urban atmosphere. 


Jinyu Tianyi residential compound, the mostly 
unused swimming pool in the communal area. 
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Jinyu Tianyi residential 


compound, view from 


Wang Tong's apartment. 
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From the mid-2000s on, however, a new awareness 
of the benefits of insulated walls with regard to en- 
ergy efficiency gained momentum. 


Permeable buildings are characteristic of both typol- 
ogies discussed in this chapter, but they manifest 
themselves differently. In socialist-era buildings, per- 
meable walls, built to mitigate local climate conditions 
passively, featured open staircases, single-glazed 
windows and greened courtyards. In the built fabric 
today, however, the permeability of high-rise build- 
ings is the result of climatic concerns rather than any 
response to the lack of insulation materials and the 
self-installed split-unit air-conditioners that can 
cause air leakages in the facades. Further, construc- 
tion companies often save on the quality of the mate- 
rials they use, leading to deficient insulation, low 
airtightness and low-quality glazing and frames. 

For the walls, builders often use aerated bricks 
(jiaqizhuan), light bricks that let the air through but 
which, according to a local architect, are an advan- 
tage in Chongqing's humid climate, since they rein- 
force the walls' permeability. 


Insufficient insulation is a direct result of the po- 
litical economy in China. Despite the recent prolif- 
eration of government policies that support green, 
energy-efficient construction with subsidies and reg- 
ulations, the construction market has, so far, shown 
little interest in improving insulation. In the 1990s 
and early 20005, the lack of available quality mate- 
rials and components outside the large cities along 
the coast-items such as fireproof insulation pan- 
els, double-glazed vinyl windows or casement win- 
dows—explained the difficulty in complying with en- 
ergy efficiency requirements.” Today, however, 
even if developers invest more in wall structures, the 
decreasing residential floor area diminishes their fi- 
nancial return.” According to the architects inter- 
viewed, passing the investments in better materials 
for insulation (e.g. triple-glazed windows) onto apart- 
ment purchasers seems to be impossible. Occupants 
have little interest in paying more for better ther- 

mal structures. Rather, when purchasing an apart- 
ment, residents consider location, provision of com- 
munal green space, appropriate management of the 
residential compound, available parking spaces and 
health issues with regard to the toxicity of integrated 
building materials. Even if a warm apartment contrib- 
utes to people's health at a fundamental level, espe- 
cially for elderly people and children, it seems a mi- 
nor consideration when buying an apartment. These 
deficient material structures reinforce the need for 
electricity- driven devices to cope with different sea- 
sons. Electricity provision seems indispensable 
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to dealing with extreme heat in summer and the a 
non-existent heating infrastructure in winter. Thermal 
control of the indoors today complements passive 
means (such as warm clothes, blankets, closing doors 
or going outdoors) with electric devices such as venti- 
lators, air conditioning and electric heaters. 


Extreme summers and winters without central- 
heating installations also challenge local architects 
to explore new ways to cool the indoors passively. For 
example, to reduce energy use, architect Liu Jiakun 
integrated ventilation features into the wall struc- 
ture of the Department of Sculpture of the Sichuan 
Academy of Fine Arts. Lattice walls, two-story inden- 
tations, double outer walls that work like chimneys 
from which hot air streams out in summer and natu- 
ral light for as many rooms as possible all help con- 
trol indoor climates.*°° Several climate-related ele- 
ments also characterize the design of the Chongqing 
Taoyuanju Community Center by Vector Architects, 
which features green rooftop spaces, the use of un- 
derground coolness, natural lighting of interior 
spaces through the integration of two exterior court- 
yards, a large central atrium and vertical wooden lou- 
vers to filter direct sunlight to the inside.“““ Safdie 
Architects have revived terraced housing for an upper 
class in the Eling Residences.”*” Through their con- 
struction along the hillside, the buildings benefit from 
the natural ventilation of breezes rising uphill from the 
river, and from being built into the terrain such that 
they are cooled from the rear. Overall, these exam- 
ples emphasize the fact that the role of architecture in 
Chongqing's energy transition is hardly negligible. By 
improving structural insulation, however, electricity 
consumption could be significantly lowered, both in 
summer and in winter—thus relieving household bud- 
gets, the energy infrastructure and air quality. 


A recent trend among Chinese planners and archi- 
tects is to bring together “nature” and “the city” in 
and through their designed landscapes. This con- 
scious aim has shown itself especially prevalent since 
2007 andin the proclamation of the 17th National 
Congress of the Communist Party, which aimed to 
rethink the relation between nature and human dwell- 
ing under the idea of an “ecological civilisation.” 
Architectural design proposals such as the “Shanshui 
City” (mountain and water city)" by architect Ma 
Qingyuan (MAD Architects) or the “designed ecolo- 
gies” by Yu Kongjian (Turenscape) are examples of 
this trend.^^? These proposals, however, often can- 
not fully mitigate the climatic challenges in places 
such as Chongging. Living with “nature” in a high-rise 
sounds romantic, but today it means coping with ex- 
cessive heat in summer and a cool indoors in winter. 
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In order to avoid these uncomfortable microclimates, 
residents have to employ energy-dependent objects 
and devices that link the microclimate of the indoors 
to the climatic conditions outdoors. As such, recent 
energy-transition discussions in urban China have 
had to consider the questions of what kind of infra- 
structure the government should provide, and to what 
degree the thermal control of one's body is a private 
issue. 


3. Energy Transition and Urban Climate 


Despite the steadily increasing demand for electricity 
for cooling and heating, Chongqing residents face 
relatively few power blackouts compared with other 
growing urban areas worldwide.*”° This is mainly the 
result of the strong steering role of the Chinese state 
in energy governance in two fields: first, the state is 
present in giving a hand to the coal sector, the coun- 
try's largest provider of electricity. State governance 
keeps electricity prices low; price fluctuations for 
coal, for example, are often not passed on to end con- 
sumers.?” In order to guarantee a steady energy sup- 
ply, Chongqing imports electricity from provinces in 
northwest, north and central China.“ Second, the de 
facto prohibition on heating-systems installations 
avoids investments in heating infrastructure and also 
lowers energy consumption in these more temperate 
climate zones of the south. 


The Great Heating Divide as Thermal Regime 
for Decarbonization 


The Great Heating Divide has had drastic conse- 
quences for winter practices in the “summer-hot- 
winter-cold” zone. On the national level, the policy has 
saved on energy costs and prevented carbon emis- 
sions, but annually leaves some 500 million people 
(covering 42 percent of the national urban building 
stock) in a cold indoors.^^? These residents them- 
selves are left responsible for the ways and means 

of keeping warm. The growth of residents' socio- 
economic status since the 1980s divided society into 
those who could afford to warm their apartments 

with a costly underfloor-heating system and those 
who had to keep warm by wearing quilted pajamas. 
Further, a "comfort generation gap" opened up be- 
tween an older generation used to living in the cold 
and a younger one, born after the 1980s, that would 
prefer a heated indoors.*’* While the Great Heating 
Divide in the 1950s was meant to create equal con- 
ditions for all-namely, non-access to heating infra- 
structure in southern China—market reforms have led 
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to a kind of thermal inequality based on socio-eco- 
nomic status. 


Far from a mere technical problem, the heating ques- 
tion has become an issue closely related to China's 
decarbonization politics. Not providing a heating net- 
work to the southern regions was, at one time, attrib- 
utable to economic reasons, but today it also poses 
an ecological question: How can the energy supply be 
provided by renewable resources at a time when en- 
ergy demand is still rising? Huge costs for the con- 
struction of the heating infrastructure, as well as a 
rise in energy demand to feed such a network, are ar- 
guments against the installation of a heating system 
in the south. In 2004, for example, space heating of 
its northern areas made up some 40 percent of en- 
ergy end use in China.^^ If district heating were to be 
installed in the south, even more of the national en- 
ergy end use would go into heating—and carbon emis- 
sions would most likely rise. Consumption of central 
heating would far exceed the punctual energy use 
now generated by small electric heating devices. 


In 2020, President Xi Jinping made ambitious com- 
mitments, first, to bring China's coal emissions to 
peak before 2030 and second, to make China “car- 
bon neutral” by 2060.“ Owing to the dependency on 
coal as an energy resource that enables the economic 
growth and well-being of Chinese society, the energy 
transition makes slow progress. Since the 2000s, and 
especially with the Renewable Energy Law coming 
into force in 2006, consumption of non-fossil ener- 
gies—such as hydro, nuclear, wind and solar energy— 
has increased.^/? Nonetheless, in the same period, 
the consumption of coal and petroleum has also been 
rising. The continuing energy demand caused by in- 
dustry and growing living standards has thus sur- 
passed energy gains achieved through energy effi- 
ciency and the use of non-fossil fuels. 


Hydropower: 
A Clean Path Towards Electrification? 


Chongqing is a good case in point: with some 30 per- 
cent of its energy stemming from hydropower,““ 
Chongqing is one of the few Chinese provinces that 
can make use of its water-abundant territory. Both the 
Yangtze and Jialing Rivers have defined the urban 
landscape and self-assessment of Chongqing resi- 
dents from the time theirs was an early port city 
through to today, with ship cruises travelling through 
the Three Gorges. While up until the 1980s, the river 
served locals' daily necessities, such as for washing 
clothes, hydropower projects tap the river's energy 
potential at present. The Three Gorges Dam started 
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Example of an in-ceiling built-in air- 
conditioning system (top center behind the 
light bulbs) in the living room of a high-rise 
apartment in Chongqing. 
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A new trend among the upper middle class is 
the installation of electric underfloor heating 
for entire rooms or apartments, as here ina 
new apartment in Shapingba area. 


94 
Huang Chongshi in his winter room with a 
small electric radiator under the table. 
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operation in 2012 as the world's largest hydroelectric 
power station. Today, its electricity is transmitted to 
the growing metropolitan regions along the coast 
(such as Shanghai or Guangzhou), but also partly to 
cities in its surroundings: Chongqing, Chengdu and 
Wuhan. 


While hydropower production causes less air pollu- 
tion than fossil-fuel use, it does not come without en- 
vironmental and social costs: the construction and 
maintenance of the Three Gorges Dam, for example, 
has had serious environmental impact: the flooding of 
ecosystems, the extinction of species and the new 
sedimentation dynamics in its catchment basin. In ad- 
dition, the flooding of human settlements caused the 
relocation of 1.13 million inhabitants and an additional 
environmental emigration wave owing to the loss of 
the fish population that had long supported the liveli- 
hoods of many.“ Such ecological damage wrought 
by a post-carbon energy strategy seriously calls into 
question the perception of a “clean” path towards 
electrification. Atthe same time, whether the Chinese 
energy sector can supply enough renewable energy 
to meet rising demand in the coming decades re- 
mains unclear. 


Urban decarbonization policies, and the relocation of 
polluting industries to rural areas in particular, benefit 
urban residents equally, but the means to cope with 
heated-up or cooled-down rooms are distributed 
unequally within society. The way towards an elec- 
tropolis in China is accompanied by social-justice im- 
plications that relate to dependency on electricity for 
thermal indoor control in the post-reform, urban 
nation. Energy governance by the Chinese state—in 
particular, the continuity of the Great Heating Divide 
and the widely available electricity based on coal sub- 
sidies, taken for granted as the energy source for in- 
door climate control—has led to a socio-economic 
stratification within Chinese urban society. While 
those who are well-off can afford the installation of 
underfloor heating or permanent air conditioning, 
those with modest financial means have to consider 
more carefully whether, when and where to use ther- 
mal devices. ln summer, they may use the cooled 
shopping-mall spaces, while in winter relying on pas- 
sive means of climate control such as quilted pajamas 
and blankets. 


So far, debates on urban climates have largely been 
conducted separately from discussions on the en- 
ergy transition, even though the changes in produc- 
tion and consumption of energy used for cooling and 
heating have direct impacts on urban environments. 
The case of Chongqing outlines exemplarily the 
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fact that the energy transition in China is accompa- 
nied by huge climatic and socio-political challenges. 
Household energy consumption, in large part with 
climate control, has not only driven climate change 
globally but has also affected local urban climates: 
health-threatening air pollution is largely the result 

of coal burning for electricity production and indus- 
tries, and waste heat from air conditioning reinforces 
urban heat-island effects.“““ Political efforts towards 
decarbonization may have relieved urban climates 

of air pollutants, but they are, in fact, passing on the 
environmental costs of energy production to other re- 
gions. The networked consequences that electrifica- 
tion brings to the Chinese city outline ways in which 
“anthropogenic processes intersect with the historical 
production of infrastructure, how they reconfigure so- 
cio-natural relations and what the political, policy and 
social-justice implications of these dynamics are.” 


The interweaving of ethnographic, historical and 
policy-related data for Chongqing raises awareness 
of the interweaving of indoors and outdoors, city and 
nature, architecture and infrastructure, and practices 
and policies. Buildings are not detached entities 
whose inhabitants simply control the indoors. Rather, 
they are part of spatial infrastructure networks, con- 
nected through grids and pipes that, themselves, are 
subjected to state governance and expand beyond 
the city territory to the energy-producing industries in 
the hinterlands. ln urban-climate discussions, archi- 
tects and urban planners must carefully consider the 
spatial implications that designs for improving air 
quality and lowering local heat-island effects may po- 
tentially have on ecology and energy provision, both 
in and beyond the city. The electropolis, as an ideal of 
a city that has banned coal from its territory for the 
relief of urban air, is accompanied by both new socio- 
economic and environmental challenges. 
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Cairo (Egypt): 
The Domestication of Urban Heat 


On the Everyday Production 
of Microclimates 


Dalila Ghodbane 


1. Urban Planning in Cairo 


In the word “microclimate,” the prefix micro- suggests 
the reduced space to which it refers as well as the 
boundaries that define it. While the problem of urban 
heat, linked to the larger problem of climate change, 
is difficult to address, the notion of microclimate is 
more easily graspable. Microclimates are relatively 
sizable spaces and their temperature, humidity and 
insolation can be manipulated through the form and 
adaptation of the built environment. This chapter out- 
lines how the options for designing microclimates 
comein several forms and manifest themselves at 
various scales.“ The context explored in this chap- 
ter is Cairo, the Egyptian capital. As is often the case 
with big cities, Cairo has exceeded the geographical 
landmarks that originally determined its location, jus- 
tifying the term “Greater Cairo Region.” The construc- 
tion of the Great Aswan Dam in Upper Egypt in 1960 
stopped the Nile from flooding the city; the river's me- 
anders and seasonal rises had imposed safety re- 
strictions on human settlement as far back as the 10th 
century AD.?** Moreover, since the 1950s, Cairo has 
developed on the fringes of the desert to the west, 
extending well beyond the river and its lush green 
banks, and to the east past the rocky hill of the 
Moqattam, which many Cairenes still climb today to 
enjoy fresh air and a view at the end of a hot summer 
day. Yet, what makes Cairo's climate is not limited to 
the land's natural topography and meteorology.”* 

The city's built fabric, traffic and industrial activities 
have developed to such an extent that they now com- 
pete with the natural elements by influencing the cli- 
mate at the urban scale and beyond. This upset bal- 
ance translates into several paradoxes, one being 
thatitcan make the desert's residential suburbs 
cooler than parks in the city. This is an anomaly be- 
cause in the desert, the circulation of wind is unim- 
peded and there are fewer buildings that re-radiate 
the heat stored during the day. Moreover, atmo- 
spheric pollution has become characteristic of Cairo, 


as well as a serious public-health issue.““' According 
to a study published in 2014, some 35,000 people in 
Egypt die from that pollution every year. A recent re- 
port ranks Cairo as the most polluted city in the world, 
with nearly twelve times more fine particles than the 
safe level set by the World Health Organization 
(WHO). 


Relative to the climate of the larger region in which it 
is located, the city of Cairo is a microclimate—but one 
made up of several microclimates within the urban 
territory. The multiple microclimates within the city 
depend on localized contexts, which, taken together, 
form a mosaic with various thermal environments. 
These specific settings interact with natural elements, 
such as proximity to the Nile or altitude, but they are 
also shaped by those who live in or formerly lived in 
the area. ln that sense, a microclimate depends on its 
local context—namely, the physical surroundings as 
well as the socio-economic situation of the neighbor- 
hood, both which partly depend on the inhabitants' 
attempts to mold it according to their needs and 
wishes. The reverse is also true, since close context 
also influences the ways in which individuals shape 
their living environment. There is a cogeneration both 
of the microclimate and its surrounding climate, and 
between natural elements and habitat. This process 
of reciprocity is not unilaterally influenced by the cli- 
mate only, but also shaped by other social and indi- 
vidual factors as well as by the prevailing modes of 
intervention in the built environment. As the number 
and intensity of heat waves increase in cities around 
the globe both the concept of microclimate, in its 
fragmented dimension and the principle of reciprocity 
generate an understanding of the phenomenon of ur- 
ban heat through localized human actions. 


1.1  TheLackof Affordable Housing 


Solving urban-heat and public-health problems en- 
tails a consideration of potential channels of action 
that go beyond the traditional institutional tools of 
master plans and legal guidelines. Indeed, the history 
of urban planning in Cairo has relied mainly on ap- 
proaches that have proved inadequate in solving the 
problems originally addressed. The case of affordable 
housing from the 1930s onward is a telling example: 
governmental initiatives systematically remained at 
an embryonic stage despite initial ambitions. While 
those initiatives sometimes resulted in a few success- 
ful model buildings scattered here and there, espe- 
cially in the 1930s and 1950s, the efforts never moved 
beyond that stage—largely due to political changes 
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and economic fluctuations.““” In the 1970s and 
1990s, some governmental plans for social housing 
materialized as housing projects that, however, 
missed the targeted population. Indeed, the initiatives 
never reached a level that could effectively challenge 
the scale of the successive—real or speculative— 
building shortages. 


What's more, the lack of affordable housing spurred 
the encroachment of urbanization on agricultural 
land. Climate-wise, one of the consequences has 
been an increase in urban heat. ln spite of the various 
governmental measures' and master plans' intentions 
to organize the city's development and prevent the 
loss of even more fertile land, satellite towns were 
planned around Cairo to absorb the demographic 
growth.”** In actual fact, though, this did not prevent 
people who could ill afford housing on the legal mar- 
ket finding solutions; they were drawn to the settle- 
ments built illegally on available land close to the city, 
land initially dedicated to agriculture.””“ Today, these 
neighborhoods, known as 'ashwa'iyyat (haphazard 
settlements),”” house the majority of Egyptians living 
in the capital, and together they take up more than 
half the city's surface area. The settlements' tightly 
aggregated high buildings, made of uncoated red 
bricks and grey concrete, stand out in Cairo's land- 
scape, but their configurations and lack of free space 
considerably limit the possibilities for cooling during 
the summer heat waves.””* In short, then, these infor- 
mal neighborhoods are the embodiment both of the 
gap and of the imbrication that exists between the 
logics of institutional urban planning and the urban 
production mechanisms actually at work. 


The relative failure of urban-planning attempts in 
Cairo to control the built environment points to the 
existing gap between legitimized architectural knowl- 
edge about climate (the information circulating in 
publications, museums and teaching activities, for 
example) and the actual position of thermal concern 
in today's construction practices and peoples' daily 
lives. On the one hand, a plethora of architectural 
publications document what should be a virtuous re- 
lationship with the climate. Recommendations for re- 
ducing urban heat include maximizing the surfaces of 
green spaces, creating wind corridors and using 
adapted materials.” As for building parameters, 
windcatchers, window filters, thick walls and court- 
yards are ubiquitous archetypes in the Middle East. 
Yet, this extensive technical knowledge remains mar- 
ginal in everyday practice. That distance between 
what is prescribed—a/-mafrüd (supposedly), as my 
interlocutors often said—and what is actually imple- 
mented is what this chapter investigates. The differ- 
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ence between what is meant to be good and what 
ends up materializing determines the mutually exclu- 
sive realms of intervention possible for architects and 
inhabitants alike, by outlining what is inside or outside 
both spheres. 


1.2 The Microclimates of Domesticity 


The consistency of this distinction between virtuous 
models of urban and architectural design and whatis 
actually being built over time is the hallmark of cur- 
rent urban production. Rather than having been ex- 
clusively planned with large urban schemes, Cairo's 
built environment has, for the most part, been formed 
through the accumulation of actions on smaller 
scales—both of self-construction and timely real- 
estate development. That said, | should make clear 
the fact that bureaucratic urban planning and indi- 
vidual building actions are not opposites. Quite the 
contrary: by exploring the distance between the pre- 
scribed and the implemented, | question the relation- 
ship between the two. Indeed, some works can only 
be carried out by the state or large companies, such 
as energy, road or rail infrastructures. Other urban 
issues seem to challenge the capacities of the plan- 
ning authorities: affordable housing, for example. And 
since there are signs that agents other than the state 
address this issue, for better or worse, there are valid 
reasons to take a closer look at how they function. 


In view of such an inclusive approach to planning, the 
work of Jean-Pierre Olivier de Sardan is useful. His 
definition of a mode of governance as “any institu- 
tional arrangement that delivers public or collective 
services and goods according to specific norms (offi- 
cial norms and practical norms), and specific forms of 
authority””” is particularly helpful. Such an under- 
standing, based on the process of providing a service 
rather thanon the normative organizational scheme, 
allows us to account for how things happen on the 
ground. Coining the term “practical norms,” Olivier de 
Sardan sheds lighton the informal practices that exist 
within the bureaucratic modes of governance. These 
interpenetrations compel us to investigate the actual 
agencies at work, those understood as “choice(s) 
among a repertoire of regulated options” that ac- 
tors can use according to their interest at any time. ln 
that sense, this chapter considers possible modes of 
thermal governance not only from a bureaucratic 
point of view but also by encompassing the diversity 
of actors, along with their formal and informal prac- 
tices, while leaving space to rethink norms and struc- 
tures accordingly. Rather than argue against any kind 
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Agricultural land on Dahab Island 
seen from the ring road. 


Warraq Island. 
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Mogattam Hill, April 2019, 5pm. 
Many Cairenes climb it to find a bit 
of cool respite and a view at the 
end of a hot summer day. 


Cairo 


of planning, then, this chapter raises the question of 
what we can plan when we advocate planning the 
city's microclimates? 


By choosing the perspective of the domestic scale, this 
chapter focuses on the inhabitants' thermal agency 
when facing hot summer temperatures in Cairo's met- 
ropolitan environment. Interrogating the logic that 
drives the creation of domestic microclimates in con- 
text offers appropriate, albeit underestimated, tools 
for an efficient mode in which to care-take cities. By 
thermal agency, | mean the capacity to influence one's 
domestic microclimate-itself, partly dependent on the 
nature of the built environment, including the buildings' 
heights, their materials, the space around the build- 
ings, the green spaces, the streets' width, etc. Beyond 
the use of electric devices such as air conditioning 
andfans, the creation of a satisfying microclimate is 
integrated within a wider nexus of social practices 
that range from the single room to the neighborhood. 

| will analyze which aspects of the dwelling the ther- 
mal practices of Cairenes focus on, and examine how 
they are related both to the immediate environment 
and to the social and material organization of the ur- 
ban space. 


2. Thermal Navigation in and around the House 


Domestic space and life share a reduced spatial scale 
and a cyclical time (around the day, the seasons, etc.) 
that is opposed to the temporality and spatiality of the 
urban and the architectural projects planned in of- 
fices. Such anchorage in space and time determines 
the conditions of action and the scope of individuals’ 
agency. In other words, it dictates a different defini- 
tion of the urban project since these forms of small- 
scale interventions, more or less planned and more or 
less improvised, add up to generate the city. Such a 
perspective echoes the combination of microclimates 
that shapes the climatic urban ensemble, as previ- 
ously introduced. 


This study relies on architectural ethnography con- 
ducted in Cairo over 16 months in 2017 and 2018. For 
the present chapter, | have selected four houses in 
neighborhoods that have different built fabrics (more 
or less densely built, green, ventilated) and social 
compositions (from well-off to popular areas). The 
four case-study dwellings are neither models nor pro- 
totypes, nor are they meant to represent all the 
households in Cairo.^^? The method used combines 
both an extensive survey of the material details in the 
house and participant observation of the thermal and 
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constructive practices of my interlocutors. Beyond 
the static architectural representations, the ethnogra- 
phy exposes the dynamic relationships people have 
with their houses and their environment. It shows 
houses not only as outcomes, but also as processes 
that exceed the sole framework of construction as 
regards microclimates. Other aspects—such as kin 
relations, cultural norms or socio-economic status— 
also intervene in the making of these houses. It is 
from that multilayered process that | believe we can 
learn and consider efficient ways to mitigate the ur- 
ban climate. 


21 Faysal: 
Choreographic Thermal Routines 


| am invited for lunch at Maryam's house, in Faysal. 
When | go to her place, | usually choose to take the 
metro from one of the downtown stations, which is 
cheaper and more punctual than taking a cab. This 
time in September, the outside temperature is around 
32ºC, which feels quite comfortable compared with 
the higher temperatures we have become accus- 
tomed to during the summer. Once underground, 
however, the atmosphere is heavy, and the few fans 
that circulate a saturated air on the platform provide 
little relief. The arriving train is an old model which 

is not air-conditioned. In the compact crowd of the 
car, | try to move and turn my face to avoid the air- 
flow that a greasy and dusty fan embedded into the 
ceiling blows at passengers, as we pass the stations. 
Approaching Faysal station, the train is already out 

of the tunnel. The air outside, although loaded with 
exhaust fumes, feels fresh as it streams through the 
open windows into the car. The metro slows down, 
stops and the doors finally open on an open-air plat- 
form. Mechanically, as is often the case with public 
transportation, | walk to the nearby bus station, which 
is not far, so | do not need to walk under the midday 
sun. After a stop at the small market to buy some fruit 
for my host, | climb into the microbus and take the 
front seat. | like to see the road and sitting against the 
door makes it easier to get off quickly, since | do not 
intend to stop at a formal stop but on the road right in 
front of Maryam's building. Sometimes, passengers 
who do not want to have a neighbor sitting in the front 
seat near the driver purchase two tickets. When I feel 
very warm and prefer not to have body contact with a 
neighbor, | sometimes indulge in this modest luxury. 
Being warm depends less on the temperature than on 
whether | am carrying a heavy bag, or have walked for 
a long distance beforehand. This is how most people 
navigate through Cairo, weighing the efforts between 
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their various duties, the expectations of those they 
are visiting, the time available to them, etc. They iden- 
tify the possible moments and places of respite on 
their way. A thermal cartography of the city emerges 
from such assessment of the nooks and crannies, the 
potential refuges from the cold, heat, rain or wind, 
which each person assesses according to his or her 
condition. Unlike Maryam, for example, | am free to 
move about without constraints. For her, every trip 

is an adventure. Since moving around with her three 
young children is a challenge, she usually takes a taxi, 
where she is sure she can keep her two boys under 
control—her older daughter being less unruly. 


My watch reads 1:15pm | reach my destination, and 
am aboutto getin the elevator when Maryam's bois- 
terous children run towards me. They are coming 
home from school with their mother. She is visibly ex- 
hausted from trying to channel their boundless en- 
ergy while walking in the streets full of microbuses, 
cars, autorickshaws (tuk-tuk, pl. takatik) and scooters 
that are rushing in from all sides. The children have 
few opportunities to be outside, given the scarcity of 
accessible public spaces. And as they lack experi- 
ence ofthe streets, they are unaware of the dangers 
there—which makes Maryam nervous and even less 
willing to go out with them. As a consequence, most 
of their life goes on indoors. Fortunately, itis Septem- 
ber, and the heat is less overpowering than at the be- 
ginning of summer. Nonetheless, once through the 
door, seven-year-old Maher rushes into his room, un- 
dresses and sinks into his bed, his arms and legs 
akimbo. Maryam hastily takes off her higab (head- 
scarf) and waves it like a fan for relief. She offers me 
looser clothes while ordering her youngest son, four- 
year-old Karim, to go to the bathroom. The corner 
bath serves as a water tank in case of a power cut, so 
Maryam showers her sonon the floor, which explains 
the tiled platform on which the washing machine is 
raised. Then eleven-year-old daughter Omnia cools 
off under the water, while Maher has fallen asleep in 
his underwear in the semi-darkness of his room. The 
rhythm slows, the children have calmed down and are 
ready to have lunch at the table that Omnia has un- 
folded in the living room while her brother was show- 
ering. This transition from outside to inside accom- 
modates each of the occupants of the house 
successively: changing clothes, lying down, shower- 
ing, sitting, etc. Daily repetition of the same ritual fits 
the domestic space, evades the weight of the outdoor 
climatic conditions and has become a part of a cho- 
reographed thermal routine. 


Cairo 


Maryam lives with her three children in an apartment 
on the eighth floor of a twelve-story corner building in 
Faysal. It is a residential tower with three apartments 
on each floor, and two elevators. A doorman (bawab) 
lives on the ground floor with his family. The construc- 
tion is of concrete pillars filled with red fired bricks, a 
standard for house-building in Cairo since the 1980s. 
The facade is painted in two shades of yellow, now 
faded by exhaust fumes, sun and dust. Like most 
buildings in Cairo, the walls are not insulated yet are 
in good condition—a standard that targets a middle 
class. The neighborhood was built between the left 
bank of the Nile and the pyramids of Giza. Its main 
artery, Faysal Street, named after the King of Saudi 
Arabia,“ parallels Pyramids Street, known in the 
whole Arab world for its nightlife. Seven kilometers 
long, Faysal Street is one of the busiest boulevards in 
the city and it features a large number of commercial 
ventures. Satellite images show that the first buildings 
appeared in the 1980s on what, then, was agricultural 
land (leftover green plots), but construction acceler- 
ated during the 1990s. Today, the area includes 
households of diverse social classes, a pattern that is 
visible both in the buildings and the urban fabric. 
Maryam's husband, Marwan, an engineer who works 
in the Arabian Peninsula, supports the family by send- 
ing back part of his salary to his wife. 


Thanks to the metro, Faysal is well connected to the 
rest of the city. Microbuses, taxis and rickshaws cir- 
culate constantly, and all sorts of shops and services 
are available night and day. The disadvantage, how- 
ever, is the uninterrupted ambient noise that comes 
with congestion and crowds. Some, such as Maryam's 
brother, do not have words hard enough to express 
how much they hate some areas of the neighbor- 
hood-considering them ghastly, filthy places that are 
chock full of drug dealers and stalkers. Maryam could 
afford to move with her family out of this crowded 
area. Indeed, her husband would prefer them to live in 
one of the remote desert cities such as Sixth of 
October, Obour or Shorouq, which are less packed 
and which, supposedly, have a better reputation. He 
assumes that being isolated from the crowd would 
make his family safer. Nevertheless, Maryam prefers 
to stay in Faysal, where she enjoys regular visits from 
her family and friends who live in Cairo, and is able to 
grab anything she needs at any time by just going 
down the street or ordering from the shopkeepers. 
She often tells me about her disagreement with her 
husband around this issue, each time adding another 
justification for staying in the neighborhood: the 
closeness to family and friends, the fact that she has 
a spacious flat, the children's schools and activities 
nearby, and so on. 


123 


98 

Seasonal sand- 
storm in Cairo, 
January 5, 2019, 
3pm. 


Obstructed Windows and Social Expectations 


Despite her desire to stay in the district, Maryam has 
ambivalent feelings about the neighborhood of 
Faysal, which affect the organization of the apart- 
ment. Placed in the corner of the building, the longer 
facade opens on a narrow street while the shorter one 
has a small balcony overlooking a large dusty avenue, 
a line of palm trees and a garbage dump. On the in- 
side, the bathroom and kitchen have windows ori- 
ented towards the inner light-well (manwar), as is of- 
ten the case in Cairo. Both the high position of the flat 
and the generous dimensions of the air shaft enable 
drafts to ventilate the rooms. However, the only 
source of natural light is the blurred glass of the bow 
window in the main living room. The rest of the win- 
dows are carefully closed: shutters, glass and nets are 
embedded within the frame and curtains. On one of 
my regular visits, | opened the shutter of the dining 
room to enjoy the natural light. As soon as Maryam 
entered the room, however, she quickly pulled the 
shutter back in its place, explaining that the woman 
who lives across the street watches her. Later, she 
added that her neighbor's whole family lives and 
sleeps on the roof terrace, an extension of their flat 
that parallels the one in her own house. Maryam con- 
siders her neighbors' exposure of their family life in- 
appropriate. They dress lightly, she says, and do not 
behave properly. It should be noted here that rooftop 
housings in Cairo are generally inhabited by 
socio-economically poor families. Since the houses 
are prone to overheating, the roof terrace is used ex- 
tensively for a range of domestic activities. Maryam 
takes care to protect herself from the gaze of her 
neighbors as if there was a risk of sharing their mis- 
ery. She shields herself from their sight, echoing the 
ambivalent feelings she has about her own presence 
in the neighborhood. Further, this behavior concretely 
impacts the way she inhabits the space of her house. 


In winter, when temperatures drop and the nights be- 
come colder, Maryam moves her son Maher's bed 
away from the wall and pushes it towards the beds of 
his sister and brother. She believes that the cold of 
the outside wall causes his occasional incontinence. 
The children also sometimes gather in Maryam's bed- 
room if the night is very cold and they cannot warm 
up. Like the beds and the fans, tables and chairs are 
also mobile: during the school period, the lunch table 
is moved from the living room, and the television to 
the stage in front of the bow window, where daughter 
Omnia can do her homework by daylight away from 
her brothers. Moving the furniture around the house is 
part of the logic of compensating for the walls' ther- 
mal defaults. 
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Cooling Down One's Body 


Domestic practices thus counterbalance what the 
walls of the house do not do, providing an environ- 
ment ready for the body to rest. This series of habits 
resulting from the daily experience of the home and 
its atmosphere is particularly visible when Maryam 
entertains guests. She brings the flat's two standing 
fans, which usually stand nextto the entrance, into the 
living room and places them to blow air straight into 
her guests' faces. Creating a cool atmosphere for vis- 
itors and offering drinks belong to the hospitality one 
should show visitors. In a way, offering freshness is 
like inviting the guest to go through the same ritual of 
crossing the doorstep and cooling down the body that 
he or she might enjoy at home. But paradoxically, this 
mode of operation underscores the fact that the 
space is not welcoming enough in itself. For it to be 
so, even artificially, the room would have to be fully 
air-conditioned so that the body would not have to do 
anything to cool itself. 


Air-conditioners are often used with great caution, 

if at all, because they consume so much energy. 
According to CAPMAS (Central Agency for Public 
Mobilization and Statistics), and based on a sample of 
10,967 households in Egypt that represented 43,940 
inhabitants, 19.4 percent of urban households in the 
country had air conditioning in 2015, and 93 per- 
cent were equipped with electric fans.” The price of 
electricity was rarely cited during my fieldwork, but 
electricity prices are tending to rise. Middle-income 
households, whose average monthly consumption is 
estimated at 215 kW/h, saw their monthly electric- 
ity bills rise from EGP (Egyptian Pounds) 23 to EGP 
79 between 2013 and 2017, even though my obser- 
vations show that for the same category of house- 
hold the amount is closer to EGP 150. Electricity 
remains largely subsidized,º but the government 
agenda is aiming for drastic cuts, in line with the de- 
mands of international donors. The future rise in en- 
ergy prices threatens the autonomy of households. 


2.2 Garden City: 
The Privilege of Thermal Comfort à la Carte 


Like Maryam in Faysal, Magda also faces a dilemma 
as regards her neighborhood, Garden City. By con- 
trast, though, she lives in a large flat in a central, well- 
off neighborhood together with her engineer husband, 
Mina. Having always lived in the area, the couple re- 
cently bought the apartment. During our conversation, 
unexpectedly, Magda explained why they did not live 
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99 
A building in the area of Garden City. 


E” 100 
Street scene in Garden City. Magda appreci- 
ates the green environment where she lives. 
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in one of the suburbs built around Cairo, such as 
Sheikh Zayed or Madinaty, where, as she says, most 
of the upper class implicitly tends to move. Among the 
reasons for why she stayed in the center, she cites the 
neighborhood often being congested on weekdays 
even though, because she works in another area, she 
does not suffer much from it. This reverse commuting 
spares her the traffic—which is at its highest from 
3pm, the time most civil servants finish their working 
day. In addition, Magda uses her cell phone to locate 
any traffic build-ups on her way home. Depending on 
whether the roads appear in green, orange-red or 
bold dark red on her GPS navigator, she decides how 
and when to drive from her office in the far western 
suburbs to her homein the center. Lucky enough to 
enjoy relative autonomy and independence at work, 
Magda also appreciates the green environment of the 
area in which she lives—an environment that is quite a 
rare thing in central Cairo. 


Like Maryam, Magda is concerned about the mobility 
and access to services she will have once she 
reaches old age—also on behalf of her two daughters, 
who do not drive. Magda's flat is on the eighth floor of 
a twelve-story, modernist building that predates those 
around it by something like a century. Her building's 
relationship to its surroundings plays a role in the way 
Magda planned her own home's ambiance. Nothing 
seems to hinder her intention to enjoy the outside: she 
said she added a window to enjoy natural light, some- 
thing | rarely heard from my other interlocutors. She 
also broke one of the side walls of the loggia to en- 
large the view on the city's landscape. In her words: 
“At work, | once had an office with a tiny window, and 
with it, a vis-à-vis. That was a nightmare. Thank God, 
there was central air conditioning. | had the feeling of 
entering a cell, so | didn't want this feeling at home. | 
prefer an enlightened place, especially in the morning 
(nur rabbinà, the light of our Lord). The idea of every- 
thing dark oppresses me. [...] Also, it was impossible 
for me not to have a balcony. Even if | don't sit on it, | 
want to be able to go and see the world from it." 


When she redesigned the house to her family's taste, 
she paid special attention to the openings that impact 
ventilation. In the master bedroom, for example, she 
decided to turn the existing loggia into an indoor al- 
cove with the option of opening a window as widely as 
possible. She cites it as the most important window 
inasmuch as it faces the dominant wind from the 
north. She wanted to be able to open this bahri win- 
dow (oriented to the prevailing wind) completely, us- 
ing two casements, but in the end installed the sliding 
window she had wanted to avoid, allowing for only half 
of the original opening. Such aluminum sliding win- 
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dows are popular. The organization of the entire 
apartment is thus oriented towards the outside. 
Contrary to Maryam's apartment in Faysal, the light 
shaft is described by Magda as a gloomy staircase 
that brings little air to the kitchen. There is a door and 
the combined fan-and-window set known as the shaf- 
fat found in most Cairo kitchens, which sometimes 
features a side window. To compensate, Magda 
chose to create a window between the kitchen and 
the dining room, both for a modicum of natural light 
and for better air circulation. This spatial organization 
allows for interacting with the outdoor space without 
being bothered by obstacles such as immediate 
neighbors or heavy traffic. 


Thermal Comfort à la Carte 


Magda's apartment has many rooms: two bedrooms, 
four living rooms, a library, a dining room, a kitchen, 
three bathrooms, a terrace and a balcony. Each room 
has its microclimatic particularity. In her case, the 
members of her family and her guests enjoy thermal 
comfort à la carte. When | first came to her place, she 
asked me to choose where | would like to sit. She out- 
lined the fact that in winter the family would stay in 
this one room where the temperature would be high, 
given the sunlight coming in. "We call it the süba [a 
greenhouse]. ^^! In summer, it's okay,” she said, “but 
with more than three or four people here, we have to 
turn on the air-conditioner. If only Mina and | are 
watching TV, it's fine. It's tiny and cozy. Sometimes we 
stay in the large [one], but always with the air-condi- 
tioner on; it's necessary. In winter, we never go to the 
big rooms at all. It's not that it's cold, but in winter, you 
want to stay in a cozy corner, like here.” 


The location of the room they call súba today was 
originally on the outside of the building. A recess in 
the façade, it ran the full height of the building. Only 
Magda's flat and the one below hers have an addi- 
tional room in this space. However, the room's roof is 
light and the outer layer is a galvanized-steel sheet. 
The sun hitting the steel roof heats the room nicely in 
winter, but is more constraining in summer—hence its 
“greenhouse” nickname. Still, it always offers an effec- 
tive alternative for drying laundry during the khama- 
seen season in spring, for example, when the wind 
from the south is aptto fill the terrace with sand and 
soil the clothes. 


In addition to the big rooms Magda mentions, there 
are two living spaces in the continuation of the dining 
room. ln the three defined spaces, she chose to install 
two, rather than three, air-conditioning devices since 
she does not have guests all that often. For her, turn- 
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ing on the two devices with the doors shut cools the 
space sufficiently. The representational function of 
these rooms is mentioned explicitly by Magda, who, 
after voicing her frustration over some poorly exe- 
cuted finishes, added: “Anyway, the important thing is 
that those who come from outside see and find thatit 
looks good.” 


Magda made sure that the rest of the flat offers other 
options according to the occupants' preferences. As 
such, her husband can sleep with the air-conditioner 
on and her daughters sleep in a room that is pro- 
tected from direct sunlight, and both can enjoy the 
night's draught or the fan's blow. For Magda, the tiny 
alcove in her bedroom formed by the closing of the 
balcony makes what she calls a tiny living room for 
herself. Here, she can enjoy the bahri wind while 
training on her exercise bike. Magda and her family 
do, of course, enjoy a privileged living situation. 
People in less-favorable circumstances find other 
means to evade the relative thermal precariousness 
of their lives, as is the case for Maryam in Faysal and 
Dr. Hisham and his family in Munib. 


23 Munib: 
Thermal Escapes from Overheated Walls 


In some places, it is hardly possible to enjoy the out- 
door surroundings. In Munib, for example, the build- 
ings are so densely grouped together, that the house 
of Dr. Hisham has only a single façade. Its other two 
sides are attached to other buildings, and the last is a 
blind wall oriented towards another land parcel. This 
is often the case in such informal neighborhoods, 
where builders and investors want to maximize the 
built space. The façade is not plastered and the bricks 
are left exposed, as if waiting for finishing touches. 
Nonetheless, the building already looks inhabited; it 
has curtains, clotheslines on its tiny balconies and a 
large opaque wrought-iron gate. On the rooftop, pil- 
lars and steel reinforcements point skywards as if to 
announce the continuation of the vertical construc- 
tion. In the same unfinished way, many streets are nei- 
ther paved nor asphalted but covered instead with a 
mixture of earth and dust. 


Dr. Hisham is a professor at a university in the Nile 
Delta. He lives with his wife, Sana, and their two chil- 
dren (aged ten and thirteen) on the uppermost floor of 
a three-story building that was built around 2010. 
Considering to its surface area, the apartment has few 
windows. The rest of the openings are onto the light- 
well (manwar) thatis supposed to allow the ventilation 
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of the rooms that have no direct access to the exterior. 
The windows in the master bedroom, kitchen and bath- 
room have openings onto this two-square-meter shaft. 
On one hand, the possibility to cross-ventilate is lim- 
ited. The entrance door sometimes remains open, to 
activate the draught from the staircase through the 
flat. On the other hand, the one blind facade facing 
south is the longest wall of the house. No more than 
ten centimeters thick, it consists of a single row of 
bricks. On a summer afternoon, | found out acciden- 
tally that the wall's surface is so hot that touching it 
with the palm of the hand is hardly bearable. Pointedly, 
however, at no time do my interlocutors mention the 
heat of the flat. It only comes out in fragments: when a 
visibly pregnant cousin is gently chased out of the tiny 
kitchen, for example, where dishes are being cooked in 
the oven and on the gas cooker at full heat. Sana de- 
clined her assistance, suggesting that the room might 
potentially be detrimental to her own health. In sum- 
mer, the fan in the living room stays on around the 
clock. 


The fact that the residents do not openly speak of the 
overheating does not mean it is not problematic for 
them. When other interlocutors raised the topic, they 
reflected on what to do to improve the house's com- 
fort. Any vocal formulation of the problem implies the 
availability of resources for possible action. In the 
case of Dr. Hisham, | believe the absence of heat as 

a conversation topic suggested he felt there no re- 
sources at his disposal for improving the situation. 
Nonetheless, he did mention some escape routes and 
talked repeatedly about his love of the seaside, which 
he visits as often as he can. He mentions the espresso 
he sips there every week on his way to the university. 
The flat he regularly rents with his friends in a popu- 
lar seaside resort has a spacious terrace, where the 
breeze never stops blowing. Several times, he also 
mentions a subsidized housing unit he bought in one 
of the satellite towns around Cairo. Here, too, he is not 
short on details: it is an apartment bought off-plan, in 
a building with three to four flats and surrounded by a 
garden. As for the level of finishing, he says it is ready 
to be occupied: "mutshattab sübir lüks (finished su- 
per-luxe).”*** Whether he will move there or sell it 
again to generate profit is unclear; he embellishes the 
description of this remote project as much as he be- 
littles that of the neighborhood in which he currently 
lives. 


To him, Munib is not what it used to be. During the last 
few years, the population has grown to a level that the 
infrastructures of the neighborhood can no longer 
sustain. The sewage system breaks down regularly, 
and the supply of water and electricity was frequently 
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The busy streets of Faysal. 
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Over the rooftops in Mounira, Cairo. [E 
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Light-well (manwar), a 
common architectural fea- 
ture supposed to allow the 
ventilation of the rooms 
that have no direct access 
to the exterior. 


Shreds of curtain remained hanging on curtain rods 
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Insulating the rooftop of Umm Rania's 
apartment. 


Urban Climates 132 


interrupted.“““ Dr. Hisham explained that in the past, 
good relations with neighbors reigned over what was 
happening in the streets and ensured relative safety. 
Today, however, he laments that, owing to the new- 
comers, this is no longer the case. Now there are 
thugs and drug dealers on every corner, he says, and 
the name Munib can be spotted regularly in the "news 
in brief" sections of the newspapers. Although several 
members of his family live close by, he also considers 
moving out. While he is often away, his wife and chil- 
dren actually benefit from the solidarity network into 
which they are integrated. 


Dr. Hisham's polarized discourse perfectly illustrates 
the tension previously mentioned between what 
should be (a/-mafrüd) and what is done (a/-ma'múl). 
A university professor and intellectual deserves bet- 
ter conditions, whether by the sea or in a building 
surrounded with gardens, like in his descriptions of 
cooler places. However, this not being the case, the 
doctor leaves Cairo at least twice a month. This dis- 
tance between what should be and the conditions in 
which he actually lives with his family is common to all 
inhabitants of the four case-study dwellings and 
resonates with the situation of most of my interlocu- 
tors in Cairo. 


24 Khalifa: 
Moving Furniture and Self-Building 


In large apartments such as those in Garden City, 
residents like Magda move around their dwelling fol- 
lowing the seasons. Such mobility is non-existent in 
smaller apartments, but compensated for by moving 
objects and furniture around the home—whether car- 
pets, blankets, curtains, seats or mobile heaters. 
Occasionally, more structural work is done in the 
home to achieve more satisfying microclimates—as in 
the case of Umm Rania in Khalifa. A divorced mother 
in her early forties, Umm Rania lives in a small apart- 
ment located on the outskirts of the Fatimid neigh- 
borhood, on the uppermost floor of a two-story family 
building. The house was visibly built in several stages: 
the ground floor, made mainly of stones; the rest, con- 
crete and bricks. The roof, once a wooden structure 
above the first floor, was removed to add Umm 
Rania's apartment. The house has a southwest- 
oriented rear facade where windows open onto a 
lower building's rooftop. In front, the lateral blind ga- 
ble of another building is some five meters away from 
her window. 
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Umm Rania has two teenage children living with her: 
15-year-old Rania and 17-year-old Ahmad. Her apart- 
ment features three rooms, a kitchen and a bathroom. 
Located on the uppermost floor, almost its entire sur- 
face is exposed to the sun—making it quite warm in 
winter, but extremely hot in summer. In that season, 
the temperature in the kitchen rises to a degree that 
the refrigerator cannot withstand, so it breaks down. It 
must, therefore, be moved away from the kitchen wall 
and installed in the entrance hall (sä/a). The refrigera- 
tor itself then produces heat in the center of the 
apartment. In addition, it occupies the space of a fold- 
ing table that the two teenagers usually use as a study 
surface during the school year: September to June. 
As soon as autumn arrives, the fridge goes back to 
the kitchen, carpets are laid on the floor, blankets are 
thrown on the red sofa and the blades of the ceiling 
fan are covered with a red cotton cover. This protects 
the fan while it is at rest during the coolest few weeks 
of the year around January. These examples outline 
how seasonal rhythms influence household life and 
the organization of domestic space. 


When the Sun Sets: 
In Search of Cool Outdoor Spaces 


Talking about seasonal “migration” around the house 
equates to finding or creating microclimates accord- 
ing to the outdoor climatic conditions. This quest is 
equally expressed in the way Umm Rania and her fam- 
ily move around and across their neighborhood. In 
summer, most of their outdoor activities happen after 
7pm when the sun sets. But it is even later, sometime 
around midnight, that Umm Rania usually ventures out 
to the market. At that time, the crowd has dispersed 
and some of the vendors receive their fresh vegeta- 
bles and fruits. In the earlier evening, Umm Rania used 
to take me out to the busy nearby neighborhood of 
Sayyida Zaynab. Shops install their goods outside on 
the pavements, coffee shops take their tables out and 
street vendors sell seasonal fruits—including prickly 
pears; bananas; and, among others, ground cherry— 
from their carts. In the winter, sellers offer baked 
sweet potatoes from wheeled ovens. Walking around 
outdoors is only pleasant if punctuated by breaks in a 
hot or cool spot, depending on the season: resting be- 
hind the counter of a juice bar to finish a glass of sug- 
arcane juice, sitting down for a cup of tea or entering 
an air-conditioned store and pretending to look at the 
items just for the fresh air, as Umm Rania sometimes 
does. 


Just like the Moqattam Plateau, which some Cairenes 


climb to find a bit of cool respite, some places in the 
city proper see people spending time at night just en- 


134 


joying the outdoors and the relatively fresh air. These 
include the few parks and green spaces, such as the 
lawn of the Adbeen Palace downtown where Maryam, 
when on a visit to her mother's place, occasionally 
brings her children. Among the rarer places visited are 
the zoo at Giza^^ or the bridges over the Nile that 
welcome walkers at night. Vendors sell lupines, toys, 
sweets and serve drinks, while others just take a break 
to enjoy the breeze. Loud music, photographers and 
other activities make the bridge look like a fairground 
party. ln the suburbs, air-conditioned malls are also 
appreciated for being inclusive of families—but get- 
ting there and consuming drinks or food can be ex- 
pensive for some, making them something of an ex- 
ceptional meeting point to spend a whole evening. 


In the Sayyeda Zaynab neighborhood, people settle 
down on the few modest patches of grass in front of 
the mosque to stretch out or picnic, even if sur- 
rounded by the roar of cars, microbuses, autorick- 
shaws and the crowd. During the month of Ramadan, 
which, in 2018, fell in summer, Sayyeda Zaynab is a 
place where, traditionally, people from all over the city 
come to stroll around, eat, drink and enjoy a convivial 
atmosphere (al-gaw al-sha'bi). ln Khalifa, just as in 
the whole Fatimid area, people often gather in public 
places for concerts, shows and other activities, or 
they go to the mosques for the traditional reciting of 
the Quran after the last prayer of the day. Umm Rania 
took me to one of the monumental Mamluk mosques 
of her neighborhood, where we sat with others in the 
four big alcoves in the cubic, marble-floored, carpet- 
covered, open-air courtyard. There are a few trees 
around the monument, and low walls and steps where 
visitors like to sit while their children run around. The 
scarcity of outdoor places for resting make any po- 
tential open-air rest area fill up fast. And these areas 
are even more limited for women, whose presence in 
most public spaces in Cairo is welcome only under 
certain conditions—when they are being accompa- 
nied, for example. This is especially true for Umm 
Rania: a rather shy, divorced young woman. For the 
most part, her life is organized around the space of 
her house, which explains the special care she gives it. 


Rooftop Insulation and 
Neighborhood Solidarity 


Umm Rania's house is located in what is called a hara 
(hara), a narrow lane traditionally constituting a small 
neighborhood.“ In this case, itis a dead-end street 
some three to four meters wide, which one extended 
family uses as an extension of their domestic space. 
For example, the women sweep the floor every morn- 
ing, and in the evenings one of the neighbors sits on 
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his outside bench to smoke his daily water pipe after 
a long day of work. Children play freely and can be 
easily seen from the windows. During celebrations 
such as Ramadan; ^^ the neighbors contribute finan- 
cially by decorating their hara with tinsel. Due to the 
neighborhood being contained, outsiders are auto- 
matically detected—which makes the hara both a 
semi-private space and a social unit on its own. But 
such exposure within the neighborhood may also be 
limiting. When the family who lived in the house in 
front of Umm Rania's moved out, fearing their building 
might collapse, Umm Rania and her daughter didn't 
hide their joy: they could again open the shutters 
widely without risk of being seen in their living room. 


The special care Umm Rania pays her house showed 
itself clearly in the insulation of her rooftop, whose 
construction work | outline below. The work under- 
scores the importance of the materials and available 
human resources in the project design, as well as the 
correspondence between the resources. The decision 
to take action parallels the situation of Dr. Hisham in 
Munib. When Umm Rania sets about insulating her 
rooftop, she insists on her neighbor bringing her a 
translucent, corrugated polyester sheet to create a 
shade above her windows and staircase. She has 
seen it in other neighbors' homes and aims to affix the 
same at the exit of the stairs to the rooftop, and use it 
for canopies on the old metal rods in the facade 
above the windows of her living room. Scraps of the 
curtain consumed by the sun's rays still hang down to 
the side, traces of the many previous attempts to pro- 
tect the apartment from the heat. Her two neighbors 
brought 50-millimeter-thick boards of white ex- 
panded polystyrene and placed them on the rooftop 
surface, having painted them first with a layer of 
bitumen. 


The shading canopy was cut with the kitchen knife 
that Umm Rania brought to the neighbor who worked 
for her on this occasion. The sheet was temporarily 
stabilized with a broomstick and a wooden beam 
stored at the bottom of the stairs. Later, the neighbor 
returned to fix the sheeting to the low wall using nails 
and flattened soft-drink bottle caps that had been 
converted into rivets. 


The neighbors, all of whom work in the construction 
industry, are particularly helpful to Umm Rania. They 
regularly repeat their loyalty in their interactions with 
her. It seems to me that showing availability to her has 
become part of their duty, especially given that she 
has neither father nor husband to undertake work con- 
sidered to be reserved for men. Umm Rania would 
probably have undertaken the work differently had she 
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106-107 
Maryam's apartment. The openings are care- 
fully controlled and shutters are closed. 


108 

The only source of natural 
light in Maryam's apart- 
ment is the blurred glass of 
the bow window in the 
main living room. 
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110 
The built-in fan (shaffat) in Magda's kitchen. 


111 
The “greenhouse” in Magda's apartment. The 
sun hitting the steel roof heats the room in the 
background nicely in winter, but is more con- 

straining in summer. 


Haj 


Dr. Hisham's living room. Considering to its surface 
area, the apartment has few windows. 
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not been able to call on the expertise of her neigh- 
bors—those neighbors being in the best position to 
implement an appropriate technical response to her 
initial project, despite having never done any roof in- 
sulation per se. ln this case, the search for a craftsman 
or a worker is done primarily through the known social 
networks. The duty of solidarity and the material and 
relational resources that Umm Rania can mobilize are 
clearly intertwined, and they determine both the exis- 
tence of the project and the form in which the work is 
carried out. 


Several situations during my investigation showed the 
interweaving of thermal considerations into a broader 
regime of constraints. Indeed, thermal comfort rarely 
exists as an objective in itself. It is indexed along with 
other aspects, the imperatives of domestic life—for 
example, the availability of materials—or the asso- 
ciation of certain tasks with unavoidable heat con- 
straints, such as cooking. Take the example of air cir- 
culation. In Umm Rania's home, the ceiling fan stays 
on during the summer evenings despite the twilight 
wind that crosses the living room. Focusing on the as- 
pect of thermal comfort alone, this redundancy might 
seem sheer nonsense. However, the open window 
and curtain let the air in, but also the flies; as such, 
the fan is used to limitthem. Similarly, on hot days, 
people tend to keep their windows closed so as not 
to let warm air flow into the house. They open them 
from dusk onwards only, when the north wind blows. 
In autumn, Umm Rania continues to keep the win- 
dows closed and the ceiling fan switched on, despite 
the outside air having finally softened. The reason for 
this is that the tall tree in front of the window, which 
used to protect her from the summer sun, loses its 
tiny leaves in that season—leaves that then fall onto 
the living room carpets. As these examples show, it 

is the overall constraints that define what a satisfac- 
tory domestic microclimate is. Thermal consideration 
is but one aspect among many. These flies, the dust, 
the noise, the leaves—or the intrusive gaze of neigh- 
bors, as in the cases of Maryam and Umm Rania—do 
not appear onthe plans, sections or charts commonly 
used in architecture and urban planning. Drawing an 
ethnography of the forms that thermal issues take 

in domestic life informs us about these interwoven 
constraints that govern the creation of a satisfac- 
tory environmentin the eyes of the inhabitants. Such 
research provides a better understanding for the or- 
dinary situations of contemporary domestic environ- 
ments in cities such as Cairo. 
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2.5 Social Representation and Thermal Precarity 


Despite living in very different environments, Maryam; 
Magda; and, to a lesser extent, Dr. Hisham share the 
need to justify why they live in their respective neigh- 
borhoods and not elsewhere, supposing that this 
elsewhere would be morein line with their social sta- 
tus. The recurrent justifications of their choice to live 
where they live, as other informants have contended 
as well, show how expectations shape social norms 
and lead to the perceived gap between what is and 
what should be. They fill this gap with arguments as 
to why they stay in a neighborhood that many around 
them dislike. And in all the cases | have encountered, 
this has concrete consequences on the indoor micro- 
climates that each of the informants creates. Their 
domestic spaces are sometimes changed in light of 
opposition, sometimes in accord with the literal and 
symbolic climate surrounding the house.” The gap 
between the place where my informants should live 
according to their own assessment and the place 
where they finally do live has concrete, driving effects 
on the way they arrange their thermal practices. Take 
the case of Dr. Hisham, living in Munib, who tells sto- 
ries to escape his “socio-climatic fate.” To bridge the 
difference between what the position of professor ata 
university should be offering to his family and his ac- 
tual situation, Dr. Hisham offers a narrative of brighter 
horizons since he cannot remedy the situation in ac- 
tual fact. There is greater room to maneuver for fam- 
ilies in more favorable geographical and housing sit- 
uations. Thus, through various canny arrangements, 
sometimes with great difficulty, some people tinker 
with their thermal comfort at home. These tricks are 
among the many attempts to reduce the gap between 
what should be—the conditional in sum—and its fulfill- 
ment. Understandably, this gap is not the same for ev- 
ery household. Magda is able to play with various nu- 
ances of thermal ambiance to suit her wishes, while 
Maryam struggles to meetthe expectations of her 
guests. Observing the ways in which the individuals 

in the four case-study dwellings create a satisfactory 
thermal atmosphere at home shows social inequalities 
in context through the lens of climate. In other words, 
analyzing the thermal practices of residents under- 
lines how they compensate for the shortcomings of 
the existing thermal structure in which they are living. 


However, the thermal practices that | describe are not 
only symbolic; they are also instrumental. Offering 
freshness is a sign of hospitality that plays in the 
demonstration of one's social status. The use of air 
conditioning gives a physical consistency to this ex- 
ercise of representation, one which goes beyond 
mere sight and involves the sensations of the body 
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at rest. Turning on the air-conditioner means ad- 
justing to the supposed expectations of others and 
to an imaginary picture of what is luxurious “else- 
where.” ln the case of Maryam in Faysal, Yusef, her 
close friend, does not hesitate to tell her on almost 
every one of our visits that she should finally install an 
air-conditioner in her living room. Adding the thermal 
perception to the concern for representation and sta- 
tus complicates the issue beyond the visual aspects 
alone. The relationship between appearance and 
usage is not simply a random one. Installing a mar- 
ble stage seemed disproportionate compared with 
Maryam's use benefits, even if in line with and appro- 
priate to her mother-in-law's concern for the way it 
will look during an important moment of public repre- 
sentation: the wedding of her granddaughter.*** The 
idea that the air-conditioner is a display of prestige is 
not enough.“ If its practical dimension is concealed, 
its representational value is virtually annihilated, just 
as in the case of the marble stage. Air conditioning 
not only awards status, it also gives the body a rest— 
sparing itfrom changing, showering, lying down to 
calm and refresh itself. 


Someof my interview partners committed them- 
selves to changing their material environment to influ- 
ence the climatic atmosphere of their homes. Indeed, 
one of the most striking aspects of the survey was the 
sustained pace of repair, change and adjustment ac- 
tions in the dwellings studied. From the addition of a 
simple curtain to the insulation of a flat roof, it seems 
the objects used to manipulate the thermal environ- 
ment are most often already available in the home. 
Perhaps more than their original functionality, it is the 
material of the objects that is significant. "^? For in- 
stance, my interlocutors all criticized the use of wood 
on external walls for its vulnerability to sunlight, bugs 
and fire. Nevertheless—whether they concern moving 
furniture, installing a door or insulating a roof—techni- 
cal solutions are designed according to the resources 
immediately available. This leads to the tendency to 
accumulate objects that appear to be of no immedi- 
ate use. Roof surfaces are often used as storage for 
these objects. ^^. In addition, stories about craftsmen 
or workers cheating on materials or their prices are 
frequently heard. Using a circle of known individuals 
for construction work serves to limit the risk of be- 
ing “taken for a ride” on services; construction scan- 
dals are common in Egypt due to the lack of effective 
oversight institutions. As a result, itis notuncommon 
to give advantage to the solidarity networks linking 
clients and craftsmen to a given worker's recognized 
quality. The material resources available, and the ex- 
tent of the networks of artisans who can be trusted, 
thus delimit the range of techniques employed. This is 
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true for Umm Raniain Khalifa, Magda in Garden City 
and other informants who spoke at length about their 
difficulties in finding the right people to carry out the 
renovation of their apartments. 


Domestic thermal practices are a projection towards 
a more desirable climatic life, and as such reaffirm the 
distinction between an outside and an inside delim- 
ited by the boundaries precisely creating the microcli- 
mate. Using the example of the dichotomy between 
private and public, Susan Gal argues that these no- 
tions cannot be understood as static facts but are pri- 
vate or public in relation to a situation of reference. 
The street outside is public compared with the house 
indoors, but the living room is public compared with 
the bedroom within the house.”““ This understanding 
of the inside/outside relationship in constant redefini- 
tion is relevant to the notion of microclimate, and the 
case of Maryam is quite telling in that sense. When 
she closes the shutters of her living room, she pro- 
tects that private space from her neighbors' gaze in 
the public space. When she receives visitors, how- 
ever, the living room becomes the space dedicated to 
the public, to outsiders, and is set accordingly: she 
wears her headscarf when the visitors are male; she 
brings the fans and turns them towards her guests. 


The road to creating microclimates is fraught with pit- 
falls that are more or less restrictive depending on the 
household situation. The multiple arrangements that 
people make are all attempts to bridge the gap be- 
tween what they experience and what they desire. 
They find alternative means to circumvent the thermal 
precariousness of their living environments. The vari- 
ous infrastructures meant to provide city dwellers 
with energy and services do not satisfy their needs 
equally. Therefore, dependency on energy infrastruc- 
ture remains loose. 


3. A Microclimatic Approach to Cairo 


A microclimatic approach to Cairo suggests that the 
thermal environment is a collective construction. This 
contradicts the image of a chaotic and “out of con- 
trol” city, to paraphrase the title of a now-classic 
monograph by David Sims.*”* Consequently, the cli- 
matic environment is no longer simply the result of 
weather conditions but is part of social and spatial 
structures within which the conditions for gathering 
resources and technical tools are important. Studies 
focusing on thermal control in architecture often deal 
with the indoor or outdoor climate, or with the atmo- 
sphere of a place as an object. Hence, the way in 
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112 
Streets around the Fatimid area of Cairo. 


113 
A marketatnightin the central neighborhood 
of Sayyida Zaynab. 
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A man carries blocks of 
ice to cafes and street 
vendors selling drinks, in 
the area of Dokki. 


114 
A mosque in Khalifa during Ramadan. 


Which architectural and urban-planning expertise ap- 
proaches thermal control proceeds primarily from a 
quantifiable and measurable angle with regard to 
temperature, air speed and humidity. Architectural 
knowledge of climate tends to focus on the purely 
material and mechanical aspects of the relationship 
between building, climate and residents, excluding 
the social dimensions of the living experience.“”” But 
the microclimate is also the result of a set of interac- 
tions between individuals who are necessarily codi- 
fied socially. This contrasts sharply with the surround- 
ing and encompassing character of heat, a single 
variable that is inseparable from the concrete situa- 
tions in which it may be one of many variables. 


The reciprocity between the neighborhood and the 
dwelling is key to understanding the mechanisms that 
drive the creation of the home andits microclimates. 
In an extended form, such relations produce the city at 
large. The ways in which those living in the case-study 
dwellings presented occupy their urban space both 
illustrate and offer keys to understanding thermal 
agency. Indeed, the places identified as appropriate 
for a break in the navigation from one point to another 
in the city vary according to a series of more or less 
changing criteria. Factors such as age, gender and 
social class influence the perception of these places 
and condition access to them. Taking a nap alone in 
the courtyard of a mosque to wait for the afternoon 
heat to cool down is, for the most part, a male activity, 
for example. Likewise, the use of cafés known as “tra- 
ditional” (baladi), while open to the outside world, is 
likewise reserved for men. When women-and strictly 
middle- and upper-class women—go to cafés, they are 
generally accompanied, and the branches of a cof- 
fee-shop chain they might frequent are indoors and 
air-conditioned.“““ Microclimates and the capacity to 
produce them are an integral part of everyday material 
and social life. Yet, it is circumstances that determine 
the thermal agency of the individuals. From that angle, 
we can establish the fact that creating microclimates 
follows the principle of reciprocity between given 
spaces, their creation and their uses, and is a potential 
foundation for an efficient plan of the city's microcli- 
mates. Each space is qualified with reference to an- 
other, and each microclimate is defined by another 
microclimate of reference. In that sense, there is a re- 
ciprocal definition of the qualities of a space: creating 
a microclimate cannot be envisioned in a detached 
way, but only in relation to other microclimates. 


Looking at the thermal map of Cairo from this dy- 

namic point of view, we can see the city as a series of 
microclimates. City dwellers both identify and gener- 
ate them, flee them if they are unbearable or take ad- 
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vantage of them if they are welcoming. This approach 
has the advantage of underscoring the individuals' 
capacity to act on the variety of microclimatic spaces. 
It opens up real levers for action that extend far be- 
yond the macroscale of urban planning. In that sense, 
itis remarkable that planners increasingly consider 
the variety of thermal ambiences in their master 
plans, as exemplified in Philippe Rahm's planning of 
the Jade Eco Park in Taichung (Taiwan).°*’ What is at 
stake today is the imagining of ways in which such 
logic could be implemented in a context where action 
on the urban space is more than the responsibility of 
the planners alone. 


A fragmented approach to urban space is relevant to 
developing new perspectives on the methods of ur- 
ban planning. The lessons of recent urban planning in 
Cairo, as well as the new challenges especially re- 
lated to climate change, are similar to those emerging 
in other cities of the world. They must lead us to re- 
thinking ways of planning cities. The idea that political 
will, or the lack of it, is understood as the state's ac- 
tion to solely determine the future of cities shows as 
much a lack of imagination as it does a lack of obser- 
vation. Such a contention is based on the mistaken 
assumption that only governments can develop cities. 
Even if the state in some contexts is an efficient plan- 
ner, Cairo is a blatant counter-example, one which 
clearly demonstrates that the state is not the sole act- 
ing force. Indeed, this deceptive intellectual impasse 
should not blind us to seeing other dynamic forces 
capable of co-constructing urban microclimates. 


A variety of actors in the field of construction gravi- 
tate between the institutional level (namely, design 
and decision-making) and concrete implementation 
and direct assistance to those implementing or decid- 
ing about what to implement.“““ Craftspeople, work- 
ers, helpers, contractors, material resellers, engineers 
and architects all belong to these agents of urban 
production. Among these professionals, some are 
more flexible than others due to the indefinability of 
their skills in the eyes of society.” Moreover, for ar- 
chitects, there is the challenge of diversifying their 
interlocutors to include those who are used to build- 
ing without their intervention. The case-study dwell- 
ings presented in this chapter are relevant both to ar- 
chitecture and to understanding how the thermal 
issues manifested in these homes are a first step, for 
their occupants, towards tackling climatic issues 
more efficiently in concrete situations The architect's 
quest for a new, relevant position—both in the field of 
construction and vis-a-vis the pressing urban chal- 
lenges such as the city's climate changes—echoes the 
need to rethink the current logics of planning. 
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Framework 


In this book, we define thermal governance as the synergetic operation of thermal regimes, 
thermal structures and thermal practices. Such an approach integrates different elements: 

the vertical governance of public authorities, in the sense of top-down decisions; and hori- 

zontal governance, including the multiple agencies that co-shape urban climates and influ- 

ence behaviors and norms. Government-issued regulations are meant to determine any 

city's built structure, but can only do so through the actual practices of officials, scientists, 
engineers and architects. Further, once a 

house is constructed, its inhabitation, main- Putting architecture at the core of conceiving future 


tenance and adaptation thermal governance, the four case studies herein raise 
by residents and other professionals (such awareness of what the built form of cities reveal about 
as facility managers and craftspeople) all urban society's relation to climate. Without exception, 
add other layers to the interplay of regimes, all the case studies point to interlinked ther- 
structures and practices. Thermal gover- mal indoor-outdoor spaces. The practice of 
nance shapes urban climates through place- climate control relates to the urban climate 
specific human /non-human arrangements. in various ways. While buildings embody the 


technological knowledge of a given era, their 
use is also indicative of the place-specific re- 
lationships between citizens and their urban 
environments. The alignment of representa- 
tive, 19th-century buildings along Geneva's 
waterfront derived value, both from thermal 
relief at the lakeside and the viability of water for on-site power gener- 
ation. In the chapter on Santiago, semi-public spaces integrated into 
collective housing developments are highlighted as thermally favorable 
environments within the larger urban fabric. The example of Chongqing 


Thermal Regimes 
(norms, standards, zoning) 


/ N 


1l . 
Thermal Structures Thermal Practices 


(infrastructures, building (moving around, clothing, 
envelopes, building services) relocation of objects) 
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illustrates how the electrification of the city has 
affected both the indoor and outdoor climate of the 
high-rise environment. And the analysis of domestic 
practices in Cairo underscores the ways in which 
climate mitigation intersects with social relations in 
the making of a home. The case studies emphasize 
the fact that the different scales of urban climates— 
from the room to the house to the neighborhood to 
the city—are interrelated in the everyday practice of 
climate control. Cities are not easily governable en- 
tities, but are, indeed, “the communities, spaces and 
political arenas through which change is invented, 
implemented, enacted and experienced in always 
specific and different ways.”””” By describing how 
typologies, floor plans and construction techniques 
of houses (from high-rise to informal, from communal 

housing to commercial real estate) have developed historically and are 

embedded socially, the four chapters point to both the local specificities 

and global commonalities of a thermal-governance practice. 


In the following text, we outline six architecture- and urban-design-related components of 
thermal governance that shape citizen- climate relations. Following the 
different traces of thermal governance described in this volume's chap- 
ters helps develop a more comprehensive approach to coping with urban 
climates. Consideration of climate control in the sense of climate adap- 
tation is an essential aspect of thermal governance's efforts towards the 
energy transition. Thermal governance is also in operation where it is not 
actively targeted but appears as a by-product of the built fabric: Micro- 
climatic benefits are experienced in the shaded courtyard of a com- 
pound that enables inhabitants to congregate, or in the possibility of 
expanding one's own home through self-build. Microclimatic conditions 
that deviate from today's thermal standards do not necessarily imply a 
loss in comfort, but point to an appreciation for the thermal diversity 
throughout the city and of a lower energy impact. Such diversity offers 
urban societies new scopes of action for addressing climate adaptation 
and the energy transition simultaneously. The components of a future 
thermal governance rely on new perceptions; new constructions; and, 
eventually, on new communities too. 
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Component: 
Energy Landscapes 


The energy transition and urban climate adaptation have to be conceived 
as one and the same process. A new understanding of the contemporary 
city as a single, integrated energy landscape is a prerequisite for a future 


thermal governance, one which will intervene 
at various levels of energy generation, distri- 
bution and consumption. Energy landscapes 
are “palimpsests” (Andre Corboz),*** in which 
human-built systems and natural forces 
overlap. This energy-related reading of the 
city's urban climate relies on the idea of the 
productive urban environment, in which the 
built fabric, topography, soil, bodies of water, 
green spaces and the urban climate (sun, 
wind) all serve as potential energy sources. 
Understanding the many layers of the energy 
landscape builds the basis for reducing the 
energy needed for the construction and 


Beyond the focus on energy reduction and 
energy efficiency, however, the case studies 
in this volume offer a more spatial under- 
standing of what constitutes the energy land- 
scape of the contemporary city. Geneva's 
energy landscape has been investigated by 
mapping the water ecologies of the city, 
which represent an often-unseen territory. 
The interweaving of natural and man-made 
elements illustrates how energy was an- 
chored in the territory historically and how it 


spatially affects the city, its hinterland and 
everyday life between the neighborhood and 
the home. Chongqing's energy landscape 
today was heavily influenced by the 1950s 
Huai River Heating Policy, which divided China into a heated northern 
part with state-subsidized heating networks and a southern part, where 
indoor climate control was dependenton residents' socio-economic 
means. The current trend towards electrification (shifting from polluting 
coal to carbon-free energy production) affects the social stratification of 
thermal practices. ln Cairo, hot temperatures, the very dense urban 
structure and the lack of common infrastructure constitute the energy 
landscape and are manifest in thermal navigation practices and house- 
hold energy use alike. These cases demonstrate the fact that energy not 
only fuels the operation and maintenance of buildings but can also be 
found in the urban environment at large. Such an understanding allows 
the entire energy potential of a city to be tapped and harnessed in the 
deliberate design of microclimates. 


maintenance of buildings, shifting towards local en- 
ergy production and benefitting from the digitalization 
of energy infrastructures. 


Energy Landscapes 
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Making thermal governance operational also means that more attention needs to 
be paid to the material culture of energy landscapes 
and the related socio-cultural practices.” A city's 
energy landscape is inscribed in bricks and houses, 

in wires and ducts, in air conditioning and electric 
devices. "Although the materials and technologies 
used—such as insulation panels, electric heaters and 
air-conditioners—are similar around the world, the 
different case studies emphasize how local climate 
sensitivities, norms of modernity, socio-economic 
practices and cultures of political and commercial 
contexts intervene in the application of these items. 

In Geneva, the couple living in a former industrial 
building developed a set of material and non-material 
techniques to control the thermal flows between studio 
and apartment space. Chongqing residents combined 
bamboo mats with air conditioning for cooling, while, 
in Santiago, inhabitants outlined the fact that, besides 
wearing more clothes in winter, they additionally warm 
themselves with electric heaters. In Cairo, air condi- 
tioning is too expensive for many residents, but for 
reasons of social status most tend to have it installed. 
Not only for its use but also as an object, the device is 
meaningful in meeting thermal expectations. 


Our ethnographic data outlines the fact that microclimates are closely embed- 
ded in everyday rhythms and activities. Retiring to 
a cooled or warmed indoors is not the only solution 
sought when trying to stay comfortable. Rather, resi- 
dents create and make use of different microclimatic 
conditions, both indoors and outdoors, depending 
on their socio-economic status and perceptions of 
comfort. The examples from all four cities outline the 
fact that energy-dependent devices do not simply 
replace former non-electric objects for climate miti- 
gation but complement them. By examining the inter- 
action between the individual and microclimates at 
the interface of the object world, thermal governance 
promotes a combination of practices, materials and 
devices to cope with climates. Their assemblage 
represents “the myriad ways in which people change 
their energy landscapes in unexpected ways as they 
go about completing their daily tasks." ^* Thermal 
governance means first and foremost creating a com- 
prehensive knowledge base of the material culture of 
a given society that is part of the urban energy land- 


scapes. 
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Component: 
Thermal Communities 


The four case studies promote an understanding of the multifaceted experiences 
of microclimates and consider the complexity of forces and actors that co-produce 
urban climates.“““ The diversity of human and non-human factors that may 
intervene raises awareness of the fragmentation of urban climates in what Dalila 
Ghodbane refers to as a “mosaic with various thermal environments.”**" Inhabitants 
make thermal places in and beyond the dwelling itself. In daily movements 
between home and work, when doing errands or visiting friends, our informants 
have made us aware of the inseparable relationship between the climate and other 
aspects of urban life. Urban climates are experienced by citizens heterogeneously, 
and depend on status, neighborhood, gender and so forth. The emerging need to 
think of indoor and outdoor spaces as a single entity stems from the insights of 
individual residents in all the four cities investigated. 


Thermal governance recognizes the different qualities of microclimates in the city and seeks to stra- 
tegically incorporate the climate-specific practice of 
thermal navigation into urban development. Thermal 
navigation can be understood via a sequence of hot- 
ter and colder microclimates: an individual strategy to 
deliberately mitigate heat stress or counter cold. The 
psychological component of being able to change 
one's thermal situation in a given location contributes 
greatly to overall satisfaction in regard to comfort, 
even if a microclimate may not seem particularly 
favorable in terms of its quantifiable characteris- 
tics.“ As the example of Cairo shows, a city may not 
only lack adequate state management of housing and 
regulation of its construction sector, but most of its 
urban area might also lack access to essential infra- 
structure. Within that dysfunctional context, inhabi- 
tants navigate through the city and back to their 
homes in line with personal knowledge about specific 

places that offer favorable thermal conditions as relief from the desert's heat. In an 
analogue to the Situationists' drawing of the city as a series of spectacles, our 


Design Concepts by 
Architects 
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Top-down Approaches Bottom-up Approaches 

(by considering the a (by referring to the sensorial 
environmental factors and experiences and the thermal 
built structures of cities) practices of citizens) 
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Cairo interlocutors, over time, acquire comprehensive knowledge of locations that 
are accessible to them and offer some kind of thermal relief. These include shaded 
alleys, the prayer area of a mosque, the local ice vendor's on the street corner, an 
air-conditioned mini-market or an underpass to the subway station. Given their 
daily routes and routines, citizens draw a mental map of the city that connects 
these different thermal places into a comprehensive urban experience. Cooling in 
Cairo is described as a multi-scalar strategy between the neighborhood and the 
domestic space—a continuum of fractionated microclimates, which, taken to- 
gether, are directed towards cooling the body and, accordingly, make living in the 
city more bearable. 


To guarantee access to the various thermal places within a city, we pro- 
pose that thermal governance include the idea of thermal communities 
not necessarily administered by authorities or official bodies but by pri- 
vate initiatives, generating a thermal network based on individual inter- 
ventions. City governments, such as Cairo's, do not often invest in creat- 
ing thermally diverse neighborhoods. Therefore, residents could adapt 
and promote thermal governance at the communal level in their daily 
lives. Loose associations of actors could contribute to increased comfort 
in a neighborhood, both by creating thermally pleasant spaces and by 
making these localities accessible to the general public. In Cairo, thermal 
agents include inhabitants, shop owners, mobile street vendors, religious 
venues, supermarket chains, homeowners, landlords, etc. Together, they 
form a thermal community that is in close contact with the residents of 
the neighborhood. As an organization, they could orchestrate the collec- 
tive thermal knowledge of a certain area in a city and could advise on 
how, in the future, to best adapt neighborhoods to changing climatic 
conditions. By leveraging the resources already in place, such associa- 
tions could likely act in a fraction of the time it would take authorities to 
accomplish the same or similar (thermal) results. The coordination of a 
thermal association based on a multitude of individual decisions might 
be best tackled at the scale of the neighborhood or the district. Led by an 
elected collective, the association could help coordinate various thermal 
initiatives, serve as a reception center and function as a mediator be- 
tween the government and the residents. Such organizing principles can 
be well established—as shown, for example, by the case of the 
Association d'Usages des Bains des Páquis in Geneva. There, the collective contributes not 
only to maintaining the bath as a place of thermal relaxation but 
also to promoting various cultural initiatives, thus creating a 
meaningful interface among people from different social 
backgrounds. 


However, public authorities also bear a responsibility for thermal governance. They can 
establish key localities for cooling or warming as urban thermal infrastructures. Public build- 
ings, greened alleys, blue infrastructure or park spaces could readily function as thermal 
escapes to mitigate urban climate effects. One such example can be found in Santiago's 
socialist housing project, Villa Frei, whose integrated park spaces became a kind of urban 
commons that was enjoyed by residents even from outside the neighborhood. Privatizing 
greening and reserving green spaces for the well-off in gated compounds both undermine 
the right to create a wide variety of microclimates. Similar to what 20th-century planning 
concepts envisioned for Geneva, thermal governance advocates for meaningful links be- 
tween the various thermal communities and sites within a given city. 
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Component: Infra-architecture 


The recent debates on the energy transition have given buildings new relevance in govern- 
ing urban environments.” The close interdependency between architecture, infrastructure 
and governance is apparentin all chapters. Whether we talk about electricity infrastructure 
in Chongqing, water infrastructure in Geneva or oil infrastructure in Santiago, the construc- 
tion, maintenance and inhabitation of architecture depends on energy provision that is dis- 
tributed through specific facilities and governed by both public and private entities. Through 
this process, the urban built environment becomes “inherently political, social, and dynamic, 
extending beyond its merely functional value.” 


Lorenzo Stieger's notion of an “infra-architecture” addresses this extended meaning of architecture 
particularly. Taking Geneva as a case study, he demonstrates 
that infra-architecture not only includes the tubes and hydro- 
electric plants but the cultural and climatic value of Geneva's 
waterfront, as well. Water infrastructure here contains much 
more than simply a means for energy transfer. To date, it has 
provided a wide range of ecosystem services: from the en- 
joyment of waterfront promenades in the 19th century to the 
natural restoration of select riverside areas and installation of 
ever more bathing opportunities in recent years, to the tech- 
nological exploration of the water resource to heat and cool 
buildings. In short, natural elements become thermal infrastruc- 
tures of architectural and social relevance. The analysis of the 
historical development of Geneva's waterfront illustrates how 
urban nature, energy concerns and socio-climatic requirements 
manifested over time, and how a complex infrastructural system 
was integrated into the physical and cultural fabric of the city. 

In its spatial dimension, infra-architecture also reaches far out 
into the surrounding territory while appearing differently in 
various localities. Depending on the context, natural, technical 
or structural elements of this infra-architecture predominate, 
emphasizing features that resemble aspects of either green or 
blue infrastructure. Socio-cultural aspects, such as tourism or 
bathing, are well established in these meeting places, and are 
physically manifest through architectural expression. 


The more likely itis that challenges related to urban-climate and energy issues are embedded in a functioning 
state system with the appropriate financial resources, the greater will be the pros- 

pects of addressing urban climate change through a synergistic interplay of urban 

nature, architecture and infrastructure. As highlighted in the case studies, this 

publication argues, in light of the energy transition, for novel advances at the inter- 

faces of these three domains. While the interaction between two—for example, 

urban nature and infrastructure," urban nature and architecture““ or infrastruc- 

ture and architecture“““—has been well explored for energy production and cli- 

mate control, the amalgamation of all three aspects has not, to date, evoked a 

precise imaginary in terms of their technical and formal aspects. 


Infra-architecture as such has yet to be developed, and its interdisciplinary dimension requires close 

collaboration between architecture, administration, industry (e.g. energy companies), environmental 
and even cultural institutions to fully realize its potential. By controlling 
the urban climate in central locations in the city, infra-architecture has 
the potential to shape the nature of the city as a collective experience 
and influence the sphere of everyday urban life. 
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Component: 
Urban Facades 


Conceptualizing the facade as a space-creating urban interface is part of a long 
tradition in architectural and urban history: public spaces— such as colonnades, 
atriums and arcades““”—as well as semi-public spaces such as porticos, hallways 
and winter gardens are familiar representatives of the spatial mediation between 
the outer and the inner spheres of the city, especially as pre-dated the proliferation 
of energy-intensive building services.“““ In the words of Indian architect Charles 
Correa, “[b]etween the closed box and open-to-sky space there lies a whole con- 
tinuum of zones with varying definitions, and degrees of protection. One steps out 
of the box to find oneself ... in a veranda, from which one moves into a courtyard, 
and then under a tree, and beyond thatto a terrace covered by a bamboo pergola, 
and then perhaps back into a room and out onto a balcony ... and so forth. The 
boundary lines between these various zones are not formal and sharply demar- 
cated, but easy and amorphous.” 


The case studies in this volume emphasize the need for an urban scale of climate 
control and energy conservation. The formulation of an energy-related successor to archi- 

tectural designs that systematically emphasize buffer 
zones has yetto be developed on the scale of the city. 
Although in the field of architecture there are numer- 
ous references to the energy implications of winter 
gardens, glazed loggias and other buffer zones, the 
approach remains limited to the individual building and 
was developed within the applicable legal frame- 
work.*** By spatializing the thermal interface between 
indoor and outdoor conditions, thermal governance 
will enable residents to experience various microcli- 
mates and deal with energy challenges in new ways. 
We argue that rather than living in conditioned indoors 
or unconditioned outdoors, a fundamental shift for 
pushing the energy transition in architecture is possi- 
ble. lt demands reconsidering the role of buildings—not 
as autonomous enclosed containers but in terms both 
of their relationship to their surroundings and their 
influence in creating urban microclimates.““” Urban 
design can control the circulation of heat, cold, wind or 
humidity between and within buildings depending on 
the positioning and materiality of the built environ- 
ment.°°° However, on an urban scale, it is still undeter- 
mined whether the characteristics of urban intermedi- 
ate zones would resemble indoor or outdoor conditions 
and how they should ultimately be used as (urban) 
space. Appropriate functional dedication of these 
intermediate zones, which also serve as thermal buf- 

fers, is decisive for targeted energy savings.“ Which uses can 

best be implemented at such thermal interfaces might best be 

determined and supported through thermal governance. 
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To consider the city as one indoor environment allows us to challenge the 
fundamental role that the insulation layer has played in the last few de- 
cades, and the common perception ofits value in saving energy. In our 
current understanding, the insulation is not accessible nor does it have 
any representative or social value as a climate-mitigating strategy. By 
rethinking the facade as an accessible and usable interface, rather than 
as a divider between internal and external microclimates, thermal gover- 
nance aims to reduce the energy required for climate control indoors. 
That prospect includes the ways in which neighborhood spaces, rooftops, 
hallways, semi-public gardens and public squares are interlinked, but 
also features interfaces that break with clear-cut thermal boundaries. 
Following Abbé Laugier's famous Essai sur "architecture of 1753, which 
states that the design of a city's “facades” cannot be left to the will of 
individuals, contemporary thermal governance advocates for facades as 
space-creating urban interfaces and serves as a leading tool for the cli- 
mate-responsive urban design of the future. 


A new, multi-scalar urban architecture that takes interrelations between spaces into ac- 
count aims to challenge the current understanding of comfort 
that relies on the idea of a sharp division between inside and 
outside. Vast amounts of energy today are invested to sustain 
this thermal division for the sake of indoor comfort. Technical 
innovation in the fields of (active) thermal infrastructures and 
devices do not sufficiently counterbalance, or even reduce, the 
energy needs for climate control. It is, therefore, inevitable that 
space-based interventions in architecture and urban design 
beyond the technical domain of building equipment should be 
targeted for development. To this end, new thermal governance 
must critically examine existing laws and regulations that 
emerged from the carbon-based urban-planning arena. 
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Component: Thermal Zoning 


Zoning is the fundamental procedure for administering the urban spatial order between 
public and private.” A new zoning practice, which takes the urban climate into account, will 
affect a large number of stakeholders; it will require substantial revision of current zoning 
regulations in cities across the globe. Many interests would be affected by such consider- 
ations, and clearly challenged by new design principles that claim urban land for a collective 
thermal cause that lies beyond individuals' own financial means. Historically, the city of 


Stuttgart (Germany) has been exemplary both 
in developing superordinate zoning criteria for 
urban design and in providing an “urban cli- 
mate primer””” for architects and urban plan- 
ners alike.” Since thermal zoning considers 
the dynamic character of climate, a new un- 
derstanding of equity must be created. 
Current zoning postulates equal “rights” (such 
as building heights) and “obligations” (such as 
spacing) for the same type of development in 
a given area. A superordinate perspective that 
considers climatic factors implies that interac- 
tions between buildings require the accep- 
tance of physical “inequalities” on similar plots 
to establish cooperation between natural 


processes and the built environment. Formal differ- 
ences may be balanced by other means to ensure 


equal economic value for property owners. 


In the future, government institutions, in collaboration 
with urban planners and architects, will be charged 
with developing urban landscapes that mitigate over- 
heating and other climatic threats. Providing green and 
blue spaces throughout the city via zoning is one way 
to intervene in urban temperature management, one 
that makes thermally beneficial outdoor spaces acces- 
sible to everyone. Even on a smaller scale, be 
ita street or a house, thermal zoning allo- 
cates the necessary space for (thermal) inter- 
ventions. Depending on local climatic condi- 
tions, the clever integration of the available 
energy sources at all scales—be it solar, wind, 
hydro or other renewables-is a prerequisite 
for the city of the future. Affirming that the 
use of the outdoors is more season-depen- 
dent than that of the indoors, thermal gover- 
nance must value the capacity to regulate 
heat in public spaces. In times of ever- 
warmer urban microclimates, energy-inde- 
pendent outdoor spaces have a key role to 
play in architecture and urban planning. 
Urban heat-island effects emerge due to 
densely built fabric and its materiality. Even 
Geneva, the smallest of the four cities, re- 
ports temperature differences of up to 10ºC 
between the inner city and the surrounding 
countryside, and the same difference has 
been measured in Chongqing. Although cities 
like Cairo have always dealt with hot sum- 
mers, man-made changes in recent times 
have exacerbated heat-related problems. 
The inclusion of climatically effective public 
spaces in urban design by means of thermal 
zoning will not only influence the well-being 
of residents in the future but will also have an 
impact on the real-estate sector and the 
economic attractiveness of cities. 
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Reconceptualizing the relationship between inside and 
outside from an urban climatic perspective means that 
access to favorable outdoors—including green spaces, 
water bodies, shaded places, etc.—must be the imper- 
ative for new architectural concepts. All of the cases in 
this publication emphasize the sensitivity and inven- 
tiveness of residents to search for and enjoy outdoor 
spaces, depending on the season and time of day. 
Cairo residents make use of cooler outdoor tempera- 
tures at nightto do errands or to gather socially along 
the cooler Nile riverside. In Chongqing, the lack of 
heating infrastructure makes people's apartments 
cooler in winter, so residents take walks in their neigh- 
borhoods to keep warm. Dipping in Lake Geneva was a 
way to get relief from urban heat well before the first 
public baths were built at the turn of the 20th century. 
While individuals mitigate warmer temperatures 
through their own choices (such as seeking shade, 
adjusting daily rhythms or clothing), governments have 
a responsibility to provide consensus-based solutions 
that benefit all segments of the population. A contem- 
porary thermal governance must not only consider 
inequalities in accessing microclimates, both indoors 

and outdoors, but must also develop thermal zoning on the scale of the 

city to overcome potential barriers between private and public 

interests. 
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Component: Maintenance and Care 


Since cityscapes emerge over decades, climatic interventions must ad- 
dress both the existing and the planned building stock. In this sense, 
consensus-building between all the stakeholders affected by an interven- 
tion typically takes a long time and is no guarantee of a successful out- 
come. ln particular, urban development based on democratic principles is 
hardly compatible with the large-scale concepts of popular master plans. 
Time-critical solutions can therefore fail at an early stage or are not con- 
sidered at all, given the dire prospects for their completion. 


There are limited resources that any society can devote to the provision of private or public infra- 
structure and its maintenance. Decaying or collapsing infrastructure systems in 
industrialized countries are proof of high financial investment being a major obsta- 
cle to securing the long-term benefit of collectively used structures. Future invest- 
ments in urban climate adaptation and the provision of mitigation infrastructure 
have to be mindful of funding and maintenance challenges. Infrastructures are very 
likely to be neglected if the economic power of a state decreases. Already today, 
the proper maintenance of centrally located, open spaces requires very high 
“energy inputs,” as Michael Hough notes, referring to the two landscapes coexist- 
ing in cities: the “nurtured ‘pedigree’ landscape" and the somewhat forgotten “for- 
tuitous landscape.”*”” Wastelands in urban areas could be revitalized for thermal 
governance, yet they are often deemed “leftovers” while, in fact, they could offer a 
breeding ground for botanical diversity and social activities. 


The maintenance of climatically beneficial spaces on a smaller scale should rest in the 
hands of city residents, and not only for financial reasons. 
Particularly in dense urban areas, an increasing number of 
dwellers who have lost touch with the rural environment cherish 
the notion of managing and maintaining some sort of green 
space. In northern countries, this is reflected in the high demand 
for a balcony, terrace space or participation in a community 
garden.” Urban climate-change strategies postulate the need 
for such spaces in cities, which city dwellers could develop and 
maintain. Thermal communities could play an important role in 
managing open spaces or in defining specific purposes for 
climate-change mitigation and adaptation, should government 
funding be insufficient or entirely unavailable. This requires the 
state to allow public space to be cared for and maintained by 
individuals and communal organizations. The work-time invest- 
ment of individuals would, in turn, be gratified by access to 
these spaces, thermal benefits and even financial gains. Cities 
could well benefit from the inventiveness that results from such 
bottom-up space management. The potential richness in solving 
climate issues from the perspective of city dwellers could both 
reduce costs and increase efficiency in future planning. 
Furthermore, the identity of a specific area could be strength- 
ened if administered by the local community. Thermal gover- 
nance takes place on different scales and must enable different 
actors to maintain urban microclimates. Bottom-up interven- 
tions to make green spaces accessible for everyone are as 
much needed today as the governmental intervention to guaran- 
tee access to blue infrastructure. 
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Toward a 
Design Methodology 


Since the second half of the 20th century, the built environment in cities around the world 
has been shaped by the legacy of fossil fuels. The energy that continu- 
ously flows through our pipes, grids and power plants in the form of oil, 
gas or electricity builds a framework for the materiality and maintenance 
of urban architecture.” Burning fossil fuel has left traces not only in the 
urban climate in the form of pollution and urban heat but also in the spa- 
tial organisation of the city. According to Elisa Iturbe, “architecture can- 
not address the causes of the climate crisis without recognizing carbon 
modernity as a continuous cultural and material foundation for building 
and form.”°°° The imperative of integrating indoors and outdoors to re- 
duce environmental and thermal loads in cities is the primary challenge 
identified within this publication. Thermal governance challenges the 
existing notion of climate control for individual buildings by promoting 
synergy and coordination within the urban built fabric. 


Having relied heavily on the prerequisites of infrastructure, modern architecture has failed 
to recognize energy potentials that could be found in its immediate sur- 
roundings. To investigate synergetic relationships between elements of 
the built environment, the unseen components that shape the urban 
climate must first be made visible (to architects and planners) and their 
impact made explicit (to governmental figures and investors). The map- 
ping and simulation of climatic conditions are important means of visual- 
ization and, as such, drivers for adapting microclimates consciously. The 
elaboration of the properties and dynamics of the microclimate's constit- 
uent elements gives them an object character and, consequently, an 
objective character. As in the Geneva case study, the use of technical 
equipmentto record indoor and outdoor atmospheric conditions is a key 
step in collecting the necessary data. A second step is to simulate and 
predict urban climate dynamics by using computer models, a technique 
many city administrations use in order to develop climate scenarios. In 
the future, microclimatic factors will have to play a central role in archi- 
tectural design, as well as in the procedures of administration and plan- 
ning, if the discipline aims to make a recognized contribution to climate 
debates and resource conservation. Including climatic factors in the 
decision-making process will also contribute to the development of solu- 
tions for energy conservation. 
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However, quantitative data is only one of the com- 
ponents that inform the qualitative discourse on 
urban microclimates. Urban planners and designers 
must also consider thermal realities experienced by 
residents in the places of intervention; they should 
understand the economic, political, social and cultural 
aspects that intervene in climate control. Energy 
pricing, governmental infrastructure investments or 
social expectations impact urban climates just as 
wind speed and humidity do. Ethnographic research 
can provide valuable knowledge about the interac- 
tions between societies and climate. Investigating 
everyday practices around dwellings that include the 
inhabitation and maintenance of built structures is 
crucial for the comprehensive thermal-governance 
perspective for which we advocate. The education 

of architects towards climate-sensitive design must 
be informed by both quantitative meteorological and 
qualitative socio-climatic data. The exchange of ur- 
ban-climate-related information has yet to be estab- 
lished in educational institutions. Climatic and energy 
arguments must be integrated into the syllabus and 
design rationale of contemporary architecture and 
competition calls. A willingness to reshape the micro- 
climatic landscape of the urban environment extends 
well beyond the technological progress made in one 
building. Rather, the recognition of urban microcli- 
mates as cultural artifacts spurs the development of 
architectural responses that meet the social demands 
of the city's inhabitants and creates thermal connec- 
tions between its urban spaces as well. The four case 
studies provide initial approaches to formulating rel- 
evant components of thermal governance. However, 
new design methodologies that address urban 
climate as a core issue of the future city should aim 
to continuously identify additional components and 
continuously expand the body of knowledge about 
thermal governance. Thermal governance would do 
well to combine insights from urban climatology, 
ethnography and architectural design practice. 
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New Urban Climate Protocols 


Visualizing Socio-climatic Differences 


Sascha Roesler, Madlen Kobi, Lorenzo Stieger, Chandrasekhar 
Ramakrishnan, Adrian Ehrat; with the support of Lionel Epiney 
and Dalila Ghodbane 


For each of the four cities, mappings and visualizations have 
been generated based on seven parameters: surface 
temperature, population density, income distribution, 
real-estate prices, topography, urban green and water 
bodies. The data sets were collected from different 
sources to visualize select factors that interrelate with 
the man-made character of urban climates. By over- 
laying physical and anthropogenic parameters graph- 
ically, patterns can be extracted that illustrate how ur- 
ban climate must be considered a fundamental player 
in contemporary urban design. One of the pressing 
issues of the 21st-century city concerns the impact 
that the urban climate has had, both 
on inhabitants' everyday life and 
the socio-economic configurations 
inherent in the built environment. 

The implications of urban climatic 
change on the economic and social 
aspects of urban societies deserve 
more attention. 


These Urban Climate Protocols document a 
new methodological approach that highlights 
the interplay between urban climate and ur- 
ban dwelling. Despite the striking differences 
between the four cities studied and their 
geographical locations, the Urban Climate 
Protocols formulate initial theses concerning 
the interrelationships between climate, urban 
architecture and citizens. The analysis gives 
insights into the general thermal conditions 
in the four cities, but also points to potential 
scope for future thermal governance. The 
comparison tests the extent to which gen- 


erally valid statements can be applied to a work area that, globally, is 
increasingly gaining in urgency. 
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China's Great Heating Divide, dating back to a policy 
from the 1950s when the communist government 
under Mao decided to install heating infrastructure 
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Mapping Methodology 


Our critical goal is that the visualizations enable comparisons, both within each city 
and across different cities. To avoid confusion, we have standardized all data on a 
resolution of five levels for each parameter, ranging from “lowest” to “highest.” The 
data was provided in various formats by the authors of the individual chapters, 
depending both on availability and accessibility. The level of detail and accuracy of 
information varied widely across the four case-study countries. While GIS-based 
file formats were the easiest to work with, the greater part of our information had to 
be derived from documentation in pdf-format, or extracted from pre-processed 
graphic images in the format of jpeg and alike. 


To make comparisons between the four cities possible, the following 
challenges related to the heterogeneity of the various data sets had to be 
overcome. Their diversity derived from differing scales, resolutions, qual- 


ity of information and boundaries of the data provided: 


N One source of heterogeneity is the fact that the regions are dif- 
ferentin fundamental ways. This informed our decision to visu- 
alize by using relative scales within each city—a choice made in 
order to emphasize the local variation, even if at the expense of 


some global variation. 


N Another source of variation is the fact that the data sets had 
different data resolutions, sometimes even within a single re- 
gion. 

N A further discrepancy between data sets was the geographic 


area span. As in the other cases, this manifested in two ways: 
first, regions may be larger or smaller (Chongqing, for example, 
covers an area larger than Santiago); second, not all the data 


sets within one region encompass the same area. 


In a first step, images were geo-referenced by our data-visualization specialist. 
Subsequently, and by using a color-value analysis, the image material was con- 
verted into geographical data so that it might be analyzed and compared. While 
relatively complete data sets were available for Geneva and Santiago, the data 
sets for Chongqing and especially Cairo remained incomplete. However, the Urban 
Climate Protocols do not rely on quantitative data alone but always include the 
comprehensive knowledge of the individual authors based on their own field 
research. The Urban Climate Protocols try to draw a plausible picture of the four 


cities' socio-climatic differences. 
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Surface Temperature 


Pronounced heat-island effects are a common charac- 
teristic of urban climates today. ln Cairo, Chongqing 
and Geneva, several areas with very high temperatures 
are located within the city. In Santiago, on the other 
hand, urban heattends to be concentrated in the 
northwest of the city and fades out towards the south- 
east. While in Santiago, urban areas with low tem- 
peratures tend to be characterized by high real-estate 
prices, this correlation between urban temperatures 
and social strata is less evident in Chongqing. There, 
high real-estate prices are found in both low- and 
high-temperature areas and different socio-economic 
classes live dispersed over the city territory. In Cairo, 
temperatures are high in all areas—in the city center, 
owing to the sheer mass of tall houses built very close 
to one another, and, in the suburbs, because of the 
lack of shade in the desert. Interestingly, the compari- 


son with economic data shows that in 
Cairo and Chongqing, people with 
higher incomes tend to live in areas 
with high surface temperatures. 
Whereas in Chongqing, they tend to 
be located in the (overbuilt) inner city, 
in Cairo, that financially sound group 
tends to reside both in the inner city 
and the satellite towns in the desert. 


Population Density 


Population density illustrates which areas of the investigated 
cities have the highest number of inhabitants per square 
kilometer. Based on population density, specific conclusions 
can, in most cases, be deduced about the building typology 

and the type of settlement patterns. Depending on the context, 
a historical assessment of architecture, combined with city- 
specific knowledge, provides further insight into the urban and 
social conditions of a particular area. Santiago's population is 
relatively evenly distributed throughout the urban area, while 
Geneva, Chongqing and Cairo have pronounced population 
densities in their centers. Apart from selective high-rise areas in 
the east of the city, Santiago is predominantly characterized by 
low-rise, low-density architecture. Poorer, middle and wealthy 
strata of the population are equally represented by this form 

of urbanization. In Geneva, it is primarily the lower and middle 
classes who live in multi-story apartment buildings in the center 
while a large part of the population prefers the single-family 
house, often located on the outskirts of the city, to other forms 
of housing. Chongqing's middle class, in particular, lives in 
high-density, high-rise housing developments—dwellings shared 
by lower-income people who prefer to live in both higher- and 
lower-density neighborhoods, depending on whether they live 

in low-rise suburban areas or in newer mid- and high-rise build- 
ings. While the densest area in Geneva has some 20,000 people 


per square kilometer, the densest area in Chongqing houses around 
40,000 people per square kilometer. 
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Income Distribution 


Urban areas are unevenly populated by dif- 
ferent socio-economic groups. The spatial 
patterns of affluence reveal the socio- 
economic stratification of a city. In most 
cases, such distribution also provides infor- 
mation about the infrastructural development 
of an area. While cities like Santiago feature 
clusters where the wealthy live, other places, 
such as Chongqing or Geneva, see 
socio-economically poor and rich people 
intermingling more.”““ Geneva shows quite 
an even distribution of green space between 
different income levels in the canton. The 
numerous smaller villages scattered through- 
out the Greater Geneva area that are part of 
the analysis perimeter, and the historically 


based urban-planning concept of interlocking the city with green spaces, are two of the reasons why 
Genevans with lower incomes also benefit from access to green spaces. 


Real-estate Prices 


Real-estate prices reflect the land value in different parts of the city, their distribution show- 


ing specific local patterns of site developments and 
the attractiveness of certain areas. Depending on 
available data, the maps represent either rents or land 
prices per square meter.” Up until now, the real- 
estate markets in cities such as Geneva, Chongqing 
and Cairo have neither taken urban climatic conditions 
into account nor classified the market price of rental 
flats according to locational advantages—namely, the 
central location and attractiveness of neighborhoods. 
In densely populated areas, thermal and green condi- 
tions are most likely to be negated due to urbanization 
pressures. High temperatures and high real-estate 
prices in the urban center are congruent in the cases 
of Geneva and Chongqing. In Chongqing, high prop- 
erty prices show a preference for certain areas— 
namely, those already heavily built-up and well con- 
nected through transport infrastructure—but their 
temperatures tend to be even higher (around Jiangbei 
International Airport in the north, on the Yuzhong 
Peninsula and in Shapingba district). Prices fall in 
less-central or less-attractive locations, even though 
they sometimes offer better living conditions from an 
urban-climate perspective. In Geneva, the central 
location of water bodies and the associated aesthetic 
enhancement of outdoor space are a larger driver of 
real-estate prices than green spaces are. 
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Topography 


Hills and plains strongly influence both the layout of a city and its urban climate. While the topography 
maps provide an overall idea of altitudes, the altitude range in Cairo only 
varies some 200 meters (between 4 and 223 meters above sea level) and 
some 800 meters in Chongqing (between 175 and 1,000 meters above 
sea level). In Chongqing, areas with low temperatures are those in the 
hilly and green surroundings, which are typically less populated. However, 
there is no significant relationship between a particular modern building 
typology and settlement pattern with the corresponding topography of 
the urban area. ln Santiago, on the other hand, the highest real-estate 
prices are paid in the hillside areas near the mountains— especially in 
neighborhoods such as those in Lo Barnechea, La Dehesa or Las Condes 
to the east of the city. Here, the temperatures at night can be quite low. In 
the other parts of the city proper temperatures, however, temperatures 
tend to be in the middle range, since Santiago has a temperate climate 
with some temperature variations between day and night. 


Urban Green 


Chongqing and Geneva are both very green, with the outer edges of their urban areas al- 
most completely greened. Santiago has green patches dispersed throughout the city terri- 


tory, but least in the western areas of the city. In 
Cairo, there is a general lack of green spaces in 
and around the city due to its geoclimatic loca- 
tion. Moreover, the few remaining green and 
arable areas along the course of the Nile are 
falling victim to the ongoing urbanization. While 
Geneva has a good number of public green 
spaces, Cairo, with its location in the desert, has 
few parks or green areas. However, middle- or 
high-income residents in both cities tend to live 
in green areas. In Cairo, the middle and upper 
classes live either in the few greener areas in 
the inner city or in gated communities in subur- 
ban areas. As man-made islands that promote 
greening as locational advantage, these com- 
pounds are greener than residential neighbor- 
hoods in the central districts. 


Water Bodies 


Cairo and Chongqing are situated on two of the long- 
est rivers worldwide, the Nile and the Yangtze. 
Chongqing promotes itself as a “Mountain and Water 
City” and its river view represents a locational advan- 
tage, although the riverside as urban commons with 
thermally beneficial conditions, unlike the lakeside in 
Geneva, is barely exploited. In Chongqing, the river 
mainly serves for the transportation of goods and 
tourists alike, but its steep concrete embankment 
impedes easy public access in most places. In Cairo, 
access to the banks of the Nile is also very limited but 
its reclamation for the general population could, con- 
ceivably, make an important contribution to counter- 
acting thermal stress in the neighborhoods. With the 
Nile, Cairo would then have an exceptional blue infra- 
structure of territorial scale that could provide public 
spaces with cooler conditions. Geneva is character- 
ized by its location at the southern end of Lake 
Geneva and by the several rivers that flow through the 
city's territory—rivers which were formed by glaciers, 
first in the Ice Age but still today. Here, access to the 
water was secured for the inhabitants, whereas a 
direct influence on the thermal characteristics of the 
different residential quarters cannot be proven. By 
contrast, Santiago is relatively water-scarce with only 
the Mapocho River in its north, whose water level is 


highly dependent on seasonal characteristics. As such, open waters have little influence on 
Santiago's urban climate while other natural features and the general altitude of the city are among 
the key elements that positively influence its urban climate. 
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Population Density 
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Income Distribution 


Geneva 
Santiago de Chile 


Cairo“ 
Chongqing“ 


Thermal Governance 


lower 
53 % 


lowest 
4% 


middle 
6% 


higher 
17% 


10 km 


172 


10 km 


middle 
22% 


lower 
12% 


lowest 
4% 


higher highest 
34% 28% 
lower 
38% 
lowest 
8% 
highest 
6% 
middle 
18% 
higher 
31% 
+ 
[^] 
o 
o 
+ 
© 
T 
o 
= 
Lo 
o 
E 
[o] 
o 
= 
* 
E 
x 
o 
- 


New Urban Climate Protocols 173 


122 
Real-estate Prices 
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Topography 
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Urban Green 
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Water Bodies 
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Superimposing 
Influencing Factors 


The assessment shows the limited relevance of landscaping 
strategies, such as providing more urban green and more un- 
sealed surfaces, for coping with urban climates. In Santiago and 
Geneva, for instance, there are no clear correlations between 
vegetation cover and surface temperatures. Indeed, the surface 
cover can weaken the generally positive 


effects of green spaces. In certain areas of The fact that the greenest areas are 
Santiago, temperatures can be higher de- not necessarily those with the low- 
spite the presence of green space because est temperatures, but rather have 
wind and air circulation are less moderate (average) temperatures, 
pronounced. markedly illustrates the fact that 


other variables—such as building 
typologies (including height and density), water bodies, 
wind flows and topography—also profoundly influence 
(micro)climatic conditions in the city. Therefore, the 
factors with a more pronounced architectural charac- 
ter have to be taken into account equally and always 
simultaneously when assessing urban microclimatic 
contexts. 
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Intersection of Urban Green and Surface Temperature 
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Intersection of Urban Green and Real-estate Prices 
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Intersection of Urban Green and Income Distribution 
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Intersection of Income Distribution 
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Intersection of Income Distribution and Surface Temperature 
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Intersection of Real-estate Prices and Surface Temperature 
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Intersection of Real-estate Prices and Topograhy 
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Aerial view of Munib, Cairo (Egypt). 
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Aerial view of Khalifa, Cairo (Egypt). 
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Cairo (Egypt), Khalifa district. Floor plan of Umm Rania's 


apartment. 
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Cairo (Egypt), Faysal district. Floor plan of Maryam's apartment. 
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138 
Aerial view of Faysal, Cairo (Egypt). 
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139 
Aerial view of Garden City, Cairo (Egypt). 
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Santiago de Chile and Geneva: 
Two Contrasting Models 


Geneva and Santiago offer examples of two fundamental urban climatic conditions 
that might well inform future urban strategies of thermal governance 
across the globe. Santiago is highly segregated and stratified along 
socio-economic lines, while Geneva, on the other hand, typifies those 
cities that have a higher socio-economic diversity throughout their terri- 
tory. Due to the wide variety of development types and complex settle- 
ment structures throughout the canton of Geneva, it is impossible, unlike 
in the case of Santiago, to identify clear spatial correlations between 
socio-economic and urban-climatic conditions. Comparison of the two 
cities shows that in Santiago, the natural environment is decisive in shap- 
ing the urban climate at a larger scale. The case of Geneva, however, 
shows that different factors at a small and medium scale make an import- 
ant case for the fact that a climate-society gap, such as in the Andean 
city, can be largely avoided. In particular, the interplay of building types, 
settlement form and natural ground surfaces plays an important role. 
Local dynamic weather phenomena, for their part, mediate between the 
large and small scales of cities and their urban climate. 


In general, Santiago has a rather low population density and a great 
number of low- to medium-rise buildings for housing, 
with most of Santiago's population belonging to the 
lower income groups. Most of the middle class lives in 
apartment buildings of more than ten stories, or in the 
many single-family houses that can be found, for 
example, in La Florida. ln Santiago, higher real-estate 
prices are likely to be found in low-temperature ar- 
eas, while the lowest prices are apt to be for housing 
in the middle and highest temperature areas. The 
richer part of the population can afford to buy or rent 
housing in climatically favorable areas. In Geneva, 
most city dwellers tend to be exposed to medium and 
high temperatures. The historic city center is charac- 
terized by high rents and higher temperatures. But the 
wealthier residents also often live in the peripheral 
areas and communities: it is the lower- and middle- 
income groups that are most often exposed to the 
higher temperatures in the denser residential areas. 
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In Geneva's city center, which is characterized by buildings from the 19th and 20th 
centuries, the population density is highest. It is mainly the 
lower-middle class that prefers the areas there. In Geneva, peo- 
ple with higher incomes tend to live in villas, single-family 
houses or in suburban areas—all locations with a high percent- 
age of greening. At the same time, people with lower incomes 
have as much access to green space as the high earners do. In 
Santiago, on the other hand, the correlation between income 
and green spaces shows a clear tendency towards richer vege- 
tation around the middle- and upper-class districts. In the 
Chilean capital, the poorer neighborhoods suffer from a lack of 
green spaces and the resulting effects on the urban climate. 


Although a home with an alpine view is one of the most sought-after 
forms of housing in Switzerland, the Geneva basin can 

hardly offer this, as the city and most of the surround- 

ing villages are located in the flat plain. As such, the 

price spectrum for apartments, at least in the Geneva 

region, cannot be linked to a specific topographical 

feature—even if more expensive apartments are gen- 

erally offered on sloping terrain. Here, unobstructed 

views, ventilation and sunlight prevail, as building reg- 

ulations stipulate a low density of construction. ln 

Santiago de Chile, on the other hand, a clear settle- 

ment trend can be identified: the city's most expensive 

residential areas in the eastern hills have the coolest 

temperatures, while the western lowlands of the city, 

with their poorer population, have the higher temperatures of a more hostile urban climate. 


Both cities have so far made only limited use 
of aspects in planning that positively influ- 
ence the urban climate. Conscious urban 
design means taking full advantage of exist- 
ing potentials and opportunities for climate 
control to reduce energy consumption and 
increase quality of life. Architecture, as a key 
means of climate control in cities, gains par- 
ticular importance where natural features 
contribute only to a limited extent to the regulation of the urban 
climatic landscape. However, the goal here is always an urban 
design that strives for the synergetic coordination of urban 
climate aspects at the different scales. 
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Map showing Geneva's Energy 
Infrastructures, which form a 
cross-border network that is both 
firmly intertwined with the urban 
landscape and linked to the world. 
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Map visualizing Geneva's Energy Commons 


consisting of natural elements and energy 


potentials, the various territorial green 
spaces, the urban environment. 
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Map of the integrated Water Ecologies of 
Geneva, highlighting the amalgamation of 
water-related infrastructures for both the 


production and conservation of energy and 
urban microclimates. 
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Geneva: Section through and plan of the former 
Feldschlôsschen brewery studio apartment, with its thermally 
relevant adaptable structures and appliances 
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Geneva: Axonometric view 
of the industrial buildings 
in the development zone 
Praille-Acacias-Vernets, 
which is characterized by 


-. low buildings and a high 


degree of ground ceiling. 
Urban green or water 


- areas are very sparse, and 


have little to no influence 
on microclimatic 
conditions. 
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Geneva: Diagrams that combine weather data, indoor 
temperatures and thermal actions to analyze the inter- 
2nd floor: roof top — Ist floor: workplaces 1 " . 
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structional and technical implementation 
(Republique et Canton de Geneve 2021c). 


Republique et Canton de Geneve (2019). 
GEAK (2021). 
Republique et Canton de Geneve (2021a). 


The energy-consumption certificate en- 
sures compliance with legal requirements 
and is usually prepared by professional 
building physicists on behalf of the 
architect. 


Fieldwork interview, July 2020. 


According to its official energy register 
(energy; building cadaster, indices), the 
building is indexed among the high- 
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Fieldwork interview, April 2021. 


SITG (2021), comparing the raster maps 
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income of Chongqing residents in 2016 
was 27,239 RMB, approx. 3,500 Euro. It 
has risen significantly since 1999, when 
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In 2017, the installation of underfloor 
heating in an apartment of 100 m? cost 
some 30,000 RMB (equivalent to ca. 
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Wind speed, in knots (1 kt. is 1.852 km/h), 
ranges from a minimum of 2.8 kt in 
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(Robaa 2013). 
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Rabie (1995). 


Sims (2010). 


In this chapter, | choose to transliterate 
Arabic terms into Latin letters following 
the system used in the International 
Journal of Middle East Studies (IJMES). 
One exception is the letter «jim» that | 
write g, pronounced hard g, like in the 
Egyptian dialect. For the names of people 
and places, | chose between already-ex- 
isting conventional spellings. 
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Lenzholzer (2015). 
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Ibid., 55. 


This modus operandi can be read as a 
precarious attempt to reduce the gap 
between projected living ideals and 

the actual setting. Thus, the logic of 
house-making from its inhabitants' per- 
spective echoes the logic that produces 
Cairo's urban space. That is why | aim to 
shed light on how the inhabitants of Cairo 
relate to the built environment that they 
primarily control—namely, their houses. 


They are simply the houses | was lucky 
enough to access thanks to the people 

l met during my research. Accessing 

the houses required building up a 
familiarity that guaranteed the possibility 
of repeated visits. For example, | could 
regularly visit houses where men were 
absent. Widows, divorced women or 
those whose husbands work abroad 

are not bound to organize their lives at 
home around obligations towards their 
family unit. For that reason, they are 

more flexible and welcoming. That was 
the case with Umm Rania, her mother, 

and Maryam, whose houses are included 
in this text. In addition, these women's 
activities mostly took place at home, since 
they were unemployed. On the contrary, 
visiting houses where the whole family 
was present demanded more organization 
in accord with the members' schedules. In 
these cases, | would visit a limited number 
of times specifically for the study, con- 
ducting straightforward semi-structured 
interviews and surveys, as in the case of 
Magda in Garden City. As for Dr. Hisham, 
our relationship is that of colleagues and | 
was able to befriend his family members, 
which resulted in being invited to his 
home some six times during my fieldwork. 


All the names of informants have been 
changed. 


The street was so named in recognition of 
his historical role during the October War 
of 1973, when Faysal bin Abdul Aziz de- 
cided to ban the export of oil to countries 
that support Israel—thereby triggering the 
1973 oil crisis. He governed Saudi Arabia 
from 1963 to 1975. 
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Egyptian Initiative for Personal Rights 
and The Built Environment Observatory 


(2017). 


Vannetzel (2019). 
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The climatic zone in which Cairo is 
located makes buildings that have no 
mechanical cooling or heating relatively 
bearable throughout the year. Otherwise, 
gas remains a widespread fuel for heating 
and complements passive modes of 
cooling and heating oneself. The storage 
practices | observed, using bathtubs as 
water tanks for example, show the poor 
reliability of existing infrastructures. My 
conversations suggested that rather than 
caring about electricity for their devices, 
people's worries were oriented more 
towards the price of oil, which dictates 
the price of transportation that, in turn, 
influences the costs of basic food prod- 
ucts, such as meat, vegetables, sugar, 
bread, etc. The prices of these goods 
appear to be quite volatile and affect 
daily lives more readily than deficient 
infrastructures. 


Interview with Magda, September 2018. 


A süba is a "shed in which young plants 
are cultivated. süba izaz [is a] green- 
house" (Hinds and Badawi 1986, 514). 


Interview with Magda, September 2018. 


The Khamaseen (Khamasin) Depression 
is a strong southern wind that usually 
blows in spring, even if episodes can 
occur in autumn as well. Khamaseen is 
the Egyptian version, but it is also called 
khamsin (khamsin), which is the proper 
Arabic name. 


Interview with Magda, September 2018. 


On the Egyptian market, housing is 
available at various stages of finishing. 
Companies advertise three possible ways 
to deliver a house or apartment. It can 

be unfinished, or “ala al-tüb al-ahmar", 
literally “on red bricks." This means that 
the apartment has nothing but a simple 
entrance door, with the rest being a con- 
crete floor, red-brick walls and openings. 
Windows, plaster and the door frames 
are included in half-finished apartments 
(nuss tashtib), along with electricity and 
sanitation pipes. Finally, a company 

can deliver the apartment fully finished 
(tashtib kamil)—that is, with the painting, 
flooring, carpentry and all electrical and 
sanitation installations done. Beyond 
these three types, there are four ways in 
which a house can be finished, from "luxe" 
(Jüks), "super luxe” (sübir lüks) to “deluxe” 
(dilüks) as the quality of materials used 
increases and includes imported items 
(wood, ceramic, tiles, etc.). 


Rabi' (2019). 
Battesti (2006). 
Abaza (2001). 


Hinds and Badawi (1986, 231). 
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Ramadan (Ramadan) is a month of the 
Muslim calendar. Its beginning shifts by 
about ten days each year with respect to 
the Gregorian calendar, which explains 
why it is not related to one season in 
particular. During this month, Muslims fast 
from sunrise to sunset. 


Susan Gal explains that the material 

basis of such justification discourse is a 
cornerstone of the principle of reciprocity: 
"Deictics and other indexicals most often 
use the speaker's body as an orienting 
centre so that far from being “merely 
discourse,’ these processes of ‘pointing’ 
away from self and towards self through 
speech have a strong materiality. Even 
when recruited—through metadiscursive 
commentary—for grand political projects, 
they remain available for creating embod- 
ied subjectivities" (Gal 2002, 81). 


Maryam's living room has a marble stage 
at the foot of its bow window. She says 
that the layout of the flat was supervised 
by her mother and mother-in-law while 
she was living in the Arabian Peninsula 
with her husband. Her mother-in-law 
proposed building the marble stage. 
Embarrassed at the idea of contradicting 
her enthusiastic mother-in-law, she 
accepted. Today, the then-argument of 
her mother-in-law makes Maryam laugh: 
she thought that the stage mightbe a 
good idea for the future wedding of her 
granddaughter Omnia, who was then 
barely five years old. 

On that occasion, this could be the stage 
where the disc jockey will take his place. 
Here, the design has no immediately 
conceivable content other than a simple 
demonstration of status. 


Van Leeuwen (2011). 
Ingold (2007). 


The use of rooftops as storage for poten- 
tially inflammable goods was an argument 
in favor of building domes in Hassan 
Fathy's first experiment in the rural area 
of Bahtim back 

in the 1930s. Another reason for 
developing such techniques was to avoid 
using wood, 

due to its high price. Here too, the thermal 
comfort attached to the image of the 
dome 

is not enough to understand its genesis 
(Piessat 2018). 


Gal (2002). 


This is contrary to the kitchen or the 
second living room, spaces that are 
reserved for women and closer relatives. 
The kitchen and the bathroom are the 

two places where | have not observed any 
effort to control the thermal environment. 
This is mainly related to the fact that they 
are not likely to be turned public. There, 
the heat is endured. This becomes explicit 
when Umm Rania explains to her neighbor 
who insulates the roof of her house that it 
is not necessary to insulate the part of the 
roof that covers the bathroom. Similarly, 
she found his suggestion to create a 
window in the bathroom wall to allow for 
better ventilation ridiculous, since in her 
words, “it's only a bathroom, it doesn't 
matter.” The re-indexation of the public to 
the private and vice versa intersects with 
the recreation of microclimates. It allows 
for transcending scales and thinking of 
thermal comfort in terms of agency, both 
emerging in and through practices. 


Sims (2010). 
Shove (2009). 

De Koning (2006). 
Rahm (2018). 


Hence, | do not mean that there is only 
one thermal agency in the city, which 
emerges from the inhabitants. That would 
be a rather simplistic and populist claim. 
In view of the current logic of urban 
production, however, | mean to suggest 
that it is not realistic to expect institutions 
to implement solutions to the problems of 
urban heat alone. The plurality of actors 
shaping the city and its microclimates 
deserves far more attention, for if action 
needs to be taken it will be through a vari- 
ety of these channels: popular, domestic, 
institutional, formal, informal, industrial, 
etc. 


Chadoin (2013). 

Rutherford and Coutard (2014, 1371). 
Corboz (1983). 

Roesler and Kobi (2018). / Valdorff 
Madsen and Gram Hanssen (2017). / 
Horn (2018). 

For a view that expands the idea of 
politics towards the energy-providing 
material world, see Boyer (2014). / Von 
Schnitzler (2013). 

Guy and Shove (2000). 

Castan Broto (2019, 53). 

Ibid., 201. 


This volume, p. 119. 


Endnotes 


Interview data shows that the predicted 
physiological comfort based on the 
measured climatic conditions is often far 
lower than the perceived comfort levels 
of people using these spaces. A wide 
urban diversity facilitates the potential to 
choose from among different options, the 
perception of one's having a choice being 
a factor that increases thermal comfort 
(Steemers and Steane 2004, 93-95). 


Lowering energy needs (keyword: zero 
emission) in households has become a 
key strategy to combat climate change. lt 
is part of an envisioned energy transition 
that aims to move from fossil to non-fossil 
fuels, while also reducing energy 
demands (Knox 2020, 87; Calder and 
Bremner 2021). 


Kobi and Plachta (2020). 


Heynen, Kaika and Swyngedouw (2006a). 
/ Varnelis and Meisterlin (2009). / Gandy 
(2014). 


McHarg and American Museum of 
Natural History (1969). / Laurie (1979). 
/ Hough (1989). / Spirn (1984). / Gandy 
(2002). / Ptak (2018). 


Humphrey (2005). / Seewang (2013). 
/ Stalder and Daro (2017). / Banham 
(1969). / Banham (1976). 


One explanation for this may be the inte- 
gration of systems that were traditionally 
found inside (building infrastructure) and 
outside buildings (harvesting of natural 
processes). Another aspectis the re- 
stricted accessibility of certain technical 
facilities to the public for safety reasons, 
such as the handling of high energy. 


Geist (1969). / Potvin (2004). 

Leggero (2018). 

Correa (2012, 17). 

Individual housing designs show that, 
besides serving as thermal buffers and 
lowering energy demands, they also 
provide an enlarged living space and 
enable other everyday activities, such as 
hanging out wet clothes—as examples 
from France and Hong Kong outline (Zhu 
and Chiu 2011; Petzet and Heilmeyer 
2012). 

Roesler and Kobi (2018). 


Hough (1989). / Lenzholzer (2015). / 
Spirn (1984, 244-45). 


Hawkes (1996). / Hawkes (2012). 
Hertweck (2020). 

Amt für Umweltschutz Stuttgart (2012). 
Reuter (2011). / Hebbert and Webb (2012). 


Shove (2012). 
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Hough (1989, 6). 
Gandy (2017). 
Armstrong (2000). / Müller (2011). 


Blau and Rupnik (2018). / Hein (2018). / 
Schubert (2020). 


Iturbe (2019, 17). 


Maps and calculations from the following 
institutions and publications were used 
to extract spatial information on urban 
climates in the four investigated cities 
(listed alphabetically). 


Geneva: Département du territoire (DT) 
/ Le territoire Genevois à la Carte / 

NOS ARBRES - Ville de Genéve / Office 
cantonale de la statistique, Genéve 

(incl. Administrations fiscale cantonale; 
Statistique cantonale de la population) 

/ Office cantonale du logement et de la 
planification fonciére, Geneve / Systéme 
d'information du territoire a Genéve 
(SITG) / Université de Genéve. 


Santiago: Boletín de Mercado de Suelo, 
Pablo Trivelli / Centro de Inteligencia 
Territorial de la Universidad Adolfo 
Ibáfiez / Centro de Investigación 
Social TECHO Chile / Observatorio 

de Ciudades, Centro de investigación 
urbano-territorial / TECHO, Un Techo 
para Chile. 


Chongqing: Chongqing Urban-Rural 
Overall Master Plan (2007-2020) E 
TS BMI / David Rand 2019 
(population density): based on Chinese 
Census, OSM, Atlas of Urban Expansion, 
DIVAS, and Google Earth / Geographical 
Information Monitoring Cloud Platformitt 
BARESEA / Luo and Li (2014). 


Cairo: Aqarmap.com / Bayoumi and 
Bennafla (2020, 69) / CAPMAS (the 
office of statistics) / Centre national de la 
recherche scientifique (CNRS) / Centre 
for Economic, Legal, and Social Study 
and Documentation (CEDEJ) / Open 
Street Map / Tadamun (2018). 


For example, Cairo has an inherently 
warmer climate than Geneva. With a 
globally applicable temperature scale, 
local differences within Cairo or Geneva 
would have been difficult to weigh against 
the much larger regional temperature 
differences. 


One illustration is Cairo, where the topog- 
raphy data contains twelve distinct levels, 
while temperature contains only six levels. 
Some maps, e.g. from Chongqing, exclude 
non-urbanized areas between residential 
districts from their calculations. 


To address the first, we use a shared 
scale for all visualizations. For the second, 
we draw in an outline of the geographic 
region so that the data can be seen in 
context—such that the available data can 
be associated with its physical location, 
and missing data can be properly identi- 
fied. 


The data on surface temperatures is 
mostly drawn from Landsat images; the 
material visualizes either surface or 
built-surface temperatures. An exception 
is the map of Santiago; it shows medium 
temperature differences between winter 
and summer (amplitude termica). 


For the income variable, we relied on the 
following data: for Chongqing, we show 
the average monthly salary gathered from 
job advertisements in 2018. For Geneva, 
we used the average annual salary of 
married couples, according to communes 
in 2015. For Santiago, we relied on 
non-specified income groups divided into 
five stages between poor and high income 
in 2012. For Cairo, we included the per 
capita income of districts. 


For the real-estate variable, we relied 

on the following data: for Chongqing, we 
used the average monthly rent in 2018, 
ranging between O and 50,000 RMB. For 
Geneva, we took the average rent per 
square meter (ranging between 18 and 24 
CHF [Swiss Francs] of free apartments 
of three to five rooms from May 2019. For 
Santiago, we relied on land prices from 
2014 (ranging between O and 26 Unidad 
de Fomento). For Cairo, we used the 
average residential property prices per 
square meter in each district in the first 
quarter of 2019. 
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